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CHAPTER I. INTRODUCTION 
The pre-biology era reaches back to the decade of 1890 to 1900 which 
was a period of change for secondary education and the nature of education 
in the sciences. High school and college enrollment were on the increase. 
College faculties were disturbed by the lack of uniformity of students en­
tering college. 
A National Education Association Committee established as its main 
purpose improvement of teaching biological sciences at the secondary level 
(20, pp. 17-18). Their main concerns were as follows: 
1. The desirability of continuous offering of biological science 
from the first grade through high school. 
2. The establishment of a required course in biological science 
at the tenth grade level. 
3. The requirement of one year of biology for entrance into college. 
4. The need for more uniformity of content in high school biology. 
5. The teaching of biology as a laboratory science. 
6. The need for an emphasis in biology teaching of the broader 
principles of the discipline. 
7. The importance for all young people to receive instruction in 
hygiene and human physiology before completing high school. 
In the decade of 1900 to 1910 the high school course "biology" was 
born. This beginning was small indeed with only 1.1 percent of all high 
school students enrolled. This was forced because of a decrease in enroll­
ments in the three other discrete courses: botany, zoology, and physiology. 
The "new" biology course was established to present a unification of these 
courses, but they were actually three sub-courses combined into one. A 
statement by Hargitt in 1905 noted (17, p. 27): 
2 
I plead for biology in the schools--biology rather than botany 
or zoology, whether singly or in successive courses. Biology means 
more than either alone, is more than either. It deals with organ­
isms as being, acting, interacting; sensitive, irritable, respon­
sive and adoptive to a degree seldom realized by those untrained to 
observe. Its subjects live, struggle, thrive, achieve, or they suf­
fer, decline, and perish. 
Some of the significant developments in biology teaching during the 
1900 to 1910 decade were (20, p. 28): 
1. A growing commitment to a single course of general biology in 
the high school, integrating materials from botany, zoology and 
human physiology. 
2. An awareness of the "average" student who will not continue into 
college and the desirability of developing for him a more pract­
ical (applied or economic) type of biology course. 
3. The appearance of the first high school textbooks on biology in­
tended to replace the separate texts of botany, zoology and 
human physiology. 
4. The attempt to orient biology teaching toward biological princi­
ples, ideal and interrelationships. 
5. More emphasis was given to the "scientific method" and the 
"practical" objectives for biology teaching. 
6. The breakdown of the "mental discipline" theory in learning with 
more importance attached to capitalizing on student interest and 
experience. 
7. The failure of human physiology to become established as a sepa­
rate course in the curriculum; the enrollment in the course 
dropped almost 50 percent between 1900 and 1910. 
The developments of 1910 to 1920 reflected the philosophy of the 
previous years. The new curriculums appeared in name only. 
A general biology course, in point of view at least, was felt to be 
the best way to present the biological sciences in high school. 
During this decade several textbooks appeared on the market under 
the title of "biology," in contrast to texts on elementary botany, 
zoology and physiology. Although most committees recommended a 
synthesis of biological topics not one textbook published between 
1910-1920 was organized in this way. Some authors used division 
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titles such as "plant biology," "animal biology," and "human biology" 
implying integrated courses, but actually the textbook consisted of 
three distinct sub-courses. 
. . .  A t  t h i s  t i m e  t h e  e m p h a s i s  w a s  u p o n  t h e  t e a c h i n g  o f  b i o l o g y  f o r  
its importance to human weIfare--vocations, health, sanitation, avo­
cations, appreciations, understanding of the environment. Physiolo­
gy came to mean human physiology and hygiene, ecology replaced morph­
ology . . . (20, p. 39). 
The years 1920 to 1930 were the period of special sciences (biology, 
chemistry, and physics). The Cardinal Principles (29, p. 5) provided the 
frame of reference toward which all science teaching was expected to make 
contributions. High school biology enrollments mushroomed and the course 
became very prominent in the secondary school curriculum. One change de­
serves special mention in that scientists expressed the opinion that the 
central purpose of education in science should be the development of under­
standing of the nature of science, its methods, attitudes and cultural im­
pact (20, pp. 51-52). 
The decade of 1930 to 1940 brought a serious note to the develop­
ments of science teaching with the examination of science teaching practices 
and sought to develop a consistent theory of education in science. 
For the first time, science curriculum committees were cognizant of 
learning theory as a factor in curriculum planning. 
These curriculum groups were more influenced by the contemporary 
American scene and the growing importance of science and technology 
than were the committees in previous decades. . . 
There is need for a balanced program of science with some opportuni­
ty for all students to build a background in both the biological and 
phys ica1 sciences. 
. . . Actually, changes in classroom practices essential to a reali­
zation of the new objectives did not materialize to any extent. On 
the other hand, the many research studies in science teaching stimu­
lated by the reports of the 1930-1940 decade indicated that it is 
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possible to develop skills in thinking, change attitudes, use prin­
ciples as a focus of learning and that partial self-direction by 
students in the selection of learning problems is advantageous 
(20, pp. 70-72). 
With the decade 1940 to 1950 came World War II and the birth of the 
"atomic age" with emphasis on the importance of science in maintenance of 
a "free society" and democratic ideals. Previous science education vas 
overshadowed by course adjustments to "war time emergencies". (20, p. 74). 
In 1941, the National Commission on Cooperative Curriculum Planning 
was formulated with a membership from many disciplines and subject fields 
of high school (20, p. 75). The commission recognized the function of 
science in high school curriculum to be : 
1. Direct experience with the natural world through observation 
and experiment. 
2. Knowledge of facts and laws of the natural world. 
3. An understanding of the ways in which knowledge of science 
can be applied. 
It is at this latter point that the line between science and the 
social sciences overlaps. The particular value of biology was 
regarded as "helping man to understand and control his environ­
ment," but taught in a way different from that of the social 
studies. 
The decade from 1940 to 1950 in science teaching reflected the 
general education and consumer movements of the thirties and 
the technical manpower crisis stimulated by World War II. The 
result was to bring into conflict the function of science in 
general education and science basic to a career in specialized 
fie Ids. 
The years of 1950 to 1960 were characterized by an "explosion of 
knowledge" and demands for scientific and technically trained manpower 
found a serious imbalance with a shortage of scientists. The stress was 
for "quality" and "excellence" or "rigor" in the secondary schools 
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science courses. The 1950*s were described as one of "confusion and cri­
sis" in science education. Probably the three most important events were 
the establishment of National Science Foundation in 1950 and the National 
Defense Education Act passed by Congress in 1958; this made it possible 
for elementary and secondary schools to purchase additional laboratory 
equipment and reference materials. Third, the American Institute of Bi­
ological Sciences came into being. Many new avenues were opened to in­
crease interests, improve attitudes, and update existing programs. In­
novations such as visiting science programs for high school classes, sum­
mer institutes, academic year, and in-service teacher education programs 
were sponsored by the National Science Foundation in various colleges and 
universities. Similar plans were supported by private foundations and in­
dustry. Science fairs and seminars were used to stimulate interest in 
science. 
The post-Sputnik era began in 1958, but reached into the sixties for 
it primed science to undergo a thorough re-evaluation process. The decade, 
1960-1970, began with a new series of biology courses, laboratory experi­
ments and teaching resources. The school year 1960-1961 involved over 
14,000 students in 110 high schools with an experimental course in "new 
biology" developed by the Biological Science Curriculum Study. Two dis­
tinct transformations had occurred within the biological sciences during 
the interval between 1963 and 1969, both of which concern Iowa State Uni­
versity at Ames and the teachers and administrators of the publie school 
systems influenced by the University. One of the transformations was the 
adoption of the Biological Sciences Curriculum program by some of the 
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secondary school districts that had students attending Iowa State Univer­
sity. The other modification was the creation of interdisciplinary courses 
with a new Core-Studies Program for undergraduate students who intended to 
major in biological sciences and for those majoring in other subjects, such 
as the social sciences or humanities who wanted to obtain a thorough know­
ledge of biology as a part of their general education. Biology 101» the 
beginning course, provided the basic group requirements for a foundation in 
the biological sciences (21, pp. 287-288). 
Need for the Study 
All fields of science have been actively engaged in developing ob­
jectives and curricula for science teaching at all levels of education, in­
cluding the college level. National Science Foundation and other committees 
have been established to evaluate all the areas of science kindergarten 
through college. Various foundations and the Federal Government allocated 
millions of dollars at all levels to update school systems and teachers. 
In setting our academic goals we must be more concerned 
with the ultimate intellectual objectives of schooling, namely, 
with the long-term acquisition of stable and usable bodies of 
knowledge and intellectual skills and with the development of 
ability to think systematically, independently, and critically 
in particular fields of inquiry. . . (2, p. 10). 
With the increased pressure to finish high school, society has 
placed an ever increasing demand for a college education. Nationally, 
one in three students who graduate from high school enter college. Gar­
land Parker, vice-provost of the University of Cincinnati, reported 
7,775,000 students enrolled for the present academic year, 1969-1970, in 
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institutions of higher learning (31, p. 3). Sidney Tickton projected by 
1980 the enrollment in higher education will increase to 12,000,000 stu­
dents (42, p. 273). According to Goodlad, more graduates of the new cur­
riculum programs are entering higher education and finding college biology 
curriculum wanting (15, p. 72). 
Biological Science Curriculum Study (BSCS) estimated that two and a 
half million tenth graders take biology each year; this involves a wider 
ability span for biology than it does for chemistry (850,000 students) and 
physics (400,000 students). Of the 2.5 million students enrolled in the 
tenth grade biology courses about one-third study from BSCS books (5, p. 5). 
The original aim of the BSCS was the improvement of biological edu­
cation at all levels. The initial decision was to update teachers, exist­
ing materials, curriculum content, and methodology of biology to a 20th 
century science, where the bulk of students are involved in biology, main­
ly the tenth grade of the secondary school (5, p. 1). 
Dr. Joseph J. Schwab raised the question as to just who should be 
included in the courses taught by this method of inquiry: 
I shall close with consideration of a pressing problem. 
How many of our high school students, how many college students, 
how many teachers and teacher-training institutions should be 
involved in an inquiring approach to science? The first impulse 
is to view inquiry as something for very few, for the top five 
or ten per cent of the students, teachers and institutions. I 
do not believe this to be the case (38, p. 7). 
There is a need to evaluate the impact of the new curriculum in bi­
ology today. From a subjective standpoint B3CS high school biology is con­
sidered by most college biologists and teachers to be a better approach for 
achievement in beginning college biology (6, p. 8). 
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Dr. Hulda Grobman, member of BSCS Evaluation Committee and BSCS 
Test Analysis Committee raised the following questions; 
What is the effect of BSCS Versions on other new courses 
in later grades in high school and college, and on student per­
formance on these? Do BSCS students do better in college? The 
Committee would encourage other individuals and groups to con­
duct research on these questions it feels are worth investi­
gating in relation to the teachings of high school biology (16, 
p. 706). 
Statement of the Problem 
The problem of this study was to investigate student achievement 
in Biology 101 at Iowa State University identifying discernible differ­
ences in high school and college group characteristics that could be de­
tected in the students enrolled Fall Quarter 1959. The study was design­
ed to investigate the following questions and test the null hypotheses: 
Question 1: What were the previous high school biology programs 
in which each student participated? 
Question 2: What were the previous high school chemistry programs 
in which each student participated? 
Question 3: What were the effects of the previous programs on 
achievement of the students in Biology 101? 
Null Hypotheses 
Achievement was defined by two measures: (1) the score as recorded 
on the Achievement Test designed for Biology 101 (see Appendix A), and (2) 
final grade received in Biology 101 at Iowa State. Each of the achieve­
ment measures was used as the criterion variables given to the sample pop­
ulation. 
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1. There were no significant differences among the means in the 
six different high school biology groups as measured by 
achievement scores in Biology 101. 
2. There were no significant differences among the means in the 
four different college groups as measured by achievement scores 
in Biology 101. 
3. There were no significant differences among the means in the 
three different laboratory groups as measured by achievement 
scores in Biology 101. 
4. There were no significant differences among the means in the 
two high school chemistry groups as measured by achievement 
scores in Biology 101. 
5. There were no significant differences among the means in the two 
sex groups as measured by achievement scores in Biology 101. 
6. There were no significant interactions among the means of the 
six different high school biology groups and the means of the 
four college groups in achievement in Biology 101. 
7. There were no significant interactions among the means of the 
six different high school biology groups and the means of the 
three laboratory groups in achievement in Biology 101. 
8. There were no significant interactions among the means of the 
six different high school biology groups and the means of the 
two high school chemistry groups in achievement in Biology 101. 
9. There were no significant interactions among the means of the 
six different high school biology groups and the means of the 
two sex groups in achievement in Biology 101. 
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10. There were no significant interactions among the means of the 
four college groups and the means of the three laboratory groups 
in achievement in Biology 101. 
11. There were no significant interactions among the means of the 
four college groups and the means of the two high school chemis­
try groups in achievement in Biology 101. 
12. There were no significant interactions among the means of the 
four college groups and the means of the two sex groups in 
achievement in Biology 101. 
13. There were no significant interactions among the means of the 
three laboratory groups and the means of the two high school 
chemistry groups in achievement in Biology 101. 
14. There were no significant interactions among the means of the 
three laboratory groups and the means of the two sex groups in 
Biology 101. 
15. There were no significant interactions among the means of the 
two high school chemistry groups and the means of the two sex 
groups in achievement in Biology 101. 
Purposes of the Study 
The purposes of this study were to determine if there were signifi­
cant differences in the means of the main effects of the six high school 
biology groups, four college groups, three college laboratory groups, two 
high school chemistry groups, two sex groups, and all first order inter­
action groups in achievement of the students enrolled in Biology 101 Fall 
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Quarter 1969 at Iowa State University. 
With the above purpose in view, it was the investigators* desire 
that this study facilitate a better understanding for secondary biology 
teachers, counselors, administrators, college and university teachers, and 
research biologists for the improvement of biological education. 
Objectives of the Study 
More specifically, an attempt was made to investigate the impact of 
high school background variables on achievement of college students in Bi­
ology 101 at Iowa State. The investigation used two different measures as 
criteria in predicting success. These were: Achievement Test designed for 
Biology 101, and (2) Final grade in Biology 101. 
The independent measures used as variables were: 
1. HSR (high school rank) 
2. MSAT (Minnesota Scholastic Aptitude Test) 
3. ENG (Iowa State English Placement Test) 
4. MATH (Iowa State Mathematics Placement Test CEEB) 
5. College (Agriculture, Education, Home Economics, or 
Sciences and Humanities 
6. Took Biology lOlA laboratory for majors 
7. Took Biology 102 laboratory for non-majors 
8. Did not take a lab for Biology 101 
9. BSCS Blue Version 
10. BSCS Green Version 
11. BSCS Yellow Version 
12. Brown Version Holt Rinehart 
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13. Some other high school biology version 
14. Did not take high school biology 
15. Took high school chemistry 
16. Did not take high school chemistry 
17. Sex of student 
Limitation and Scope of the Study 
The sample studied consisted of students in Iowa State University 
enrolled in Biology 101 Fall Quarter 1969 taught by Dr. Clark Bowen, Dr. 
Robert Franke, Dr. John Mutchmor, and assistants. This course was de­
signed for students majoring in the biological sciences and those special­
izing in other academic areas. 
Scope of biology as a science; organization and operation 
of living systems with emphasis upon cells, metabolism, growth, 
development, reproduction, inheritance, and basis for evolution 
(21, p. 288). 
A more detailed description of Biology 101 was given in Chapter III 
of this study. 
The investigation covered the first introductory biology course of­
fered to any student enrolled at Iowa State. The students were assigned at 
random by the computer to one of the five sections to fit each students' 
schedule. 
The study was limited to students who entered Iowa State Fall 1969 
as freshmen. This should have increased the probability that more stu­
dents would have had BSCS in their high school background since the BSCS 
curriculum was not introduced into the high school until 1963 (5, p. 7). 
It was further limited to students taking Biology 101 fall 1969. Each 
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student used in the study had to be taking a full academic load (being 
defined as 12 hours or more). This study should be more pertinent to 
this level since Biology 101 is an introductory course offered at the 
freshmen level. 
The sample at Iowa State University represents a highly selective 
type of student admitted to Iowa State. 
Iowa State normally accepts only students within the 
top half of their school class. These students, therefore, 
have a HSR in the range of 1 to 50 (22, p. 1). 
With the above fact in mind, interpretations of the findings can 
generally be claimed only for universities which enforced admission policy 
similar to that of Iowa State. However, the results are expected to have 
some general implications with respect to the effects of variables related 
to high school preparation on achievement in college biology. 
Basic Assumptions 
For the purpose of this study the following assumptions were made: 
1. The score received by students on the Achievement Test (AT) in 
Biology 101 was valid and a satisfactory measure of achievement, 
2. The grade received by students on achievement in Biology 101 was 
valid and satisfactory measure of achievement at Iowa State. 
3. A linear relationship does exist between prediction and criteri­
on variables. 
4. The response on the questionnaire was a satisfactory source of 
information for high school biology and chemistry. 
5. The scores the students received upon taking the HSR, MSAT, ENG, 
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MA.TH, AT, and final grade were satisfactory measures of these 
areas. 
6. The quality of instruction in all five sections was equivalent 
for the purpose of this study. 
7. The BSCS materials were designed for all students in the Ameri­
can high schools--regardless of their aptitude or career aspir­
ations (26, p. 16). 
Definitions of Terms and Symbols 
In order to clarify the meanings of the various terms and symbols 
used in this study, the following definitions are made: 
Biol. 101 "Principles of Biology" introductory biology at Iowa State 
University, Fall Quarter 1969 
Biol. lOlA "Experimental Biology" required laboratory for all students 
majoring in the biological sciences, Fall Quarter 1969 
Biol. 102 "Biology of Organisms" optional laboratory for students who 
do not intend to take advanced work in the biological 
sciences, non-majors. Fall Quarter 1969 
No Lab Students that elected not to take a laboratory Fall Quarter 
1969 
Majors Any student enrolled in Biology lOlA laboratory Fall Quarter 
1969 
Non-majors Any student enrolled in Biology 102 laboratory 
BSCS Biological Science Curriculum Study Program 
BV BSCS Blue Version, 1963 edition 
GV BSCS Green Version, 1963 edition 
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YV BSCS Yellow Version, 1963 edition 
Brown Holt Rinehart traditional biology, 1963 edition 
OB Any other high school biology version not listed above 
and classified as traditional biology 
NB Any student in Biology 101 that did not take high school bi­
ology 
Chem Any Biology 101 student that took high school chemistry 
NC Any Biology 101 student that did not take high school chemis­
try 
NSF National Science Foundation 
h.s. High school 
AT Achievement Test used as a criterion variable given to the 
Biology 101 students 
GRADE Final grade received in Biology 101 Fall Quarter 1969 also 
defined as achievement 
ISU Iowa State University 
1963 Academic year 1963-1964 
1966 Academic year 1966-1967 
1969 Academic year 1969-1970 
Sample Students with common independent variables enrolled in 
Biology 101 at ISU Fall Quarter 1969 
HSR High school rank 
MSAT Minnesota Scholastic Aptitude Test 
ENG English Placement Test given at ISU 
MATH Iowa State University Mathematics Placement Test CEEB 
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Sex of student 
Agriculture (Agric.), Education (Educ.), Home Economics 
(H. E.)j or Sciences and Humanities ( S. and H.) in which 
students enrolled in Biology 101 have matriculated 
Organization of the Study 
The material presented in this study was divided into seven chap­
ters. The first chapter included an introduction to the study, need for 
the study, statement of problem, purposes of the study, objectives of the 
study, limitations and scope of the study, basic assumptions, definitions 
of terms and symbols, and null hypotheses. The second chapter contained 
a summarization and analysis of related literature and research. The de­
scription of Biology 101 for the study was discussed in the third chapter. 
The fourth chapter included methodology and design for the study. In the 
fifth chapter, the findings were reported. The sixth chapter of the study 
presented the discussion and recommendations for further study. The final 
chapter presented a summary of the study. 
Sex 
Colleges 
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CHAPTER II. REVIEW OF LITERATURE 
Introduction 
The preceding chapter stated the need for a study to investigate the 
effects of BSCS versions on college biology. This chapter cites literature 
and research pertinent to the problem investigated. In the literature re­
lated to this study, five general categories are discernible: (1) BSCS 
Backgrounds, (2) Objectives of the Three Biological Science Curriculum 
Studies Texts, (3) Important Questions Concerning BSCS, (4) Statistical 
Studies of High School Biology, and (5) Relationship between High School 
Biology and Transition to College Programs. Consequently, such a division 
has been made in the following review. 
BSCS Background 
Growing concern related to the teaching of science has been recog­
nized since World War II with the realization of shortages of scientifi­
cally trained personnel seen far in advance of the efforts of the 1950's 
and 1960's. Dr. Vannevar Bush, the Director of the Wartime Office of 
Scientific Research and Development, was concerned in 1944 in a publi­
cation entitled "Science, the Endless Frontier" that science was a matter 
of national interest and of direct concern to the national government. Dr. 
Bush recommended in his paper the establishment of a National Research 
Foundation to encourage new scientific investigations to oppose congress 
non-involvement attitude of the post-World War II years. Then in 1950, 
Congress established the National Science Foundation (9, p. 44). The 
National Science Foundation has been a most influential organization to 
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many science curriculums, specifically physics, chemistry, mathematics, 
social studies and biology. Hence, National Science Foundation has played 
a prominent role in secondary education over the past decade by financially 
supporting educational enterprises in various disciplines. 
James B. Conant states a recommendation requiring students for grad­
uation in all high schools should be as follows: . . at least one year 
of science in the ninth or tenth grade, which might well be biology ..." 
(10, p. 47). 
In 1958, a team of American biologists produced a new curriculum in 
the biological sciences for high school in the United States. The dynamic 
materials which were a result of their labor was first published in 1963. 
The BSCS was organized by the Education Committee of the American Institute 
of Biological Sciences (AIBS) with a membership of more than 85,000 bi­
ologists. The BSCS role was "to seek the improvement of biology education." 
Financial support came from the National Science Foundation, United States 
Office of Education, Rockefeller Foundation, and the Asis Foundation con­
ceived the BSCS program. General policy for the BSCS was established by a 
20 member Steering Committee, which included both professional biologists 
and educators at the college and secondary level. The Chairman of the Ex­
ecutive and Steering Commitee was Dr. Arnold Grobman, Dean of Rutgers Col­
lege, Rutgers University. The Director was Dr. William V. Mayer, University 
of Colorado, Boulder. 
The original charge to the BSCS was the improvement of biological ed­
ucation at all levels. The initial decision was to provide teachers with 
materials that properly reflect both the content and the methodology 
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of biology as a 20th century science and to concentrate this effort at 
the point in American education where the bulk of students were in­
volved in the course in biology, chiefly the tenth grade of secondary 
school. The primary objective was to teach science as a way of think-
ing--as a method of seeking answers. To accomplish this, underlying 
concepts and understandings were stressed. Student work was centered 
in the laboratory, where real problems were explored. Open-ended ex­
periments and .i.her materials were used as media for conveying an un­
derstanding of science. Through emphasis on basic concepts and il­
lustrations of such concepts in varied ways, the students were given 
practice in analyzing data, drawing conclusions, seeking relationships 
from generalizations, and in finding their own answers (5, p. 1). 
In Arthur Foshay's article, "How Fare the Disciplines?" the follow­
ing point was made: 
. . .  a  b a c t e r i o l o g i s t  p o i n t e d  o u t  t o  o n e  o f  o u r  p r i n ­
cipal Deweyites that the complete act of thought did not 
describe the way he conducted inquiry in his own discipline — 
that, specifically, it failed to take into account the pro­
blem of unknown variables operating in his experiments, and 
that bacteriologists had long since incorporated a way of 
dealing with unknown variables into the basic logic of their 
inquiry. 
This was a shocker. The discussion foundered on this 
rock because, in the last analysis, it called into question 
the whole core curriculum. The seminar took the position 
that the function of teaching any given subject matter was 
to help students to learn how the members of the discipline 
thought—how they conducted inquiry (12, p. 349). 
Dr. Paul Kurd of Stanford University, surveyed the field of 
biology and pinpointed the many existing problems before the first writing 
conference. (20, p. 2). Dr. Schwab of Chicago University who has special 
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interests in problem solving prepared exercises called "Invitations to 
Inquiry". Dr. Meyer of Michigan University, in consultation with a pro­
fessional testing agency, devised the tests or examinations for these 
studies (5, p. 1). 
Without the teamwork of all these biologists—who were able to 
bring different types of "experties" to bear on the problems before them--
it is unlikely that such original and arresting materials could have been 
produced. For these courses represent not a revision of old thinking in 
high school biology, but a completely new start based on the growing points 
in modern biology (5, pp. 7-9). 
Dr. Paul Kurd's excellent study of biology of the American High 
School from 1890 to 1960 corresponds to Arent Schuyler's article, "High 
School Biology Texts--1959 to 1966," in which he stated: 
My own opinion is that the texts of today, with a few ex­
ceptions, are little different from those of 1959. They are big 
(500 to 700 pages), brightly colored, and crammed with informa­
tion. Some details of taxonomy and physiology have been left 
out, but void has been filled with higher level detail such as 
the mechanism of DNA and details of various biochemical cycles. 
The sheer mass of these books gives a student a hopeless feeling 
the first day of the course. . . 
There have bean steps in the right direction, chiefly due 
to the influence and use of the BSCS materials. Probably these 
are used in one-fourth to one-third of the nation's biology 
classes. BSCS started out by admitting that there was too much 
to cover in modern biology and they wrote three texts, each 
with a different bias, but structured around a set of concepts 
and stressing inquiry and investigation (37, pp. 378-379). 
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Objectives of the Three Biological Science 
Curriculum Studies Texts 
Originally BSCS developed three paralleled sets of course material 
for high school biology to be used at the tenth grade (pupils 15-16 years 
of age attending high school) (5, p. 5). BSCS makes quite a different ap­
proach in the work centered in the laboratory, with real problems being ex­
plored, open-ended experiments and other materials being used as the media 
to convey an understanding of science "through inquiry". 
In the Blue version. Biological Science : Molecules to Man, the maj­
or emphasis is on molecular biology as the fundamental area of biology up­
on which all other biological knowledge is based. The Green version. High 
School Biology: BSCS, presents a course which gives the ecological and 
behaviorial aspects primary importance. The Yellow version. Biological 
Science : An Inquiry into Life, places emphasis on the cell as the most ele­
mental, independent, structural and functional unit of living organisms 
(7, 18, 4). Each version differs from that of traditional texts in that 
most cases emphasizes the organ and tissue level of biological organization 
(Note graph p. 21). 
BSCS biological differs from conventional treatment in several ways: 
First, all three versions have significant unifying threads: 
This unity arises from the agreement of those concerned with 
BSCS biology that nine basic emphases (objectives) should be 
woven in through each of the three versions. These are ; 
Change of living things through time--evolution 
Diversity of type and unity of pattern of living things 
Genetic continuity of life 
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Level of emphasis in BSCS courses (Blue, Green, and Yellow versions) 
and conventional texts (43). 
BSCS Blue version 
BSCS Yellow version 
_ BSCS Green version 
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Graph 1. Level of emphasis in BSCS course (Blue, Green and 
Yellow versions) and conventional texts 
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Complementary of structure and function 
Biological roots of behavior 
Complementary of organisms and environment 
Regulation and homeostasis: the maintenance of life in 
face of change 
Science as inquiry 
Intellectual history of biological concepts 
Second, it is a general high school program that has re­
sulted from a genuine cooperative approach among teams of re­
search biologists, high school biology teachers, science edu­
cators, and other contributing specialists. It represents not 
a revision of old thinking in high school biology, but infor­
mation in the field of biology. . . . where traditional texts 
emphasized classical systematics and morphology, the organ, and 
tissue level in biology, vocabulary, and rote memorization 
of isolated facts; the BSCS versions place greater emphasis on 
other levels of biological organization, attempt a balance in 
subject matter, de-emphasize vocabulary as such, emphasize the 
science process and the principles of biological science. 
Third, BSCS Biology . . . greater stress on experimental 
laboratory (blocks) work than did traditional texts. . . 
Fourth, biology is used as a vehicle whereby students be­
come acquainted with both science and scientific processes. 
. . . students are encouraged to observe, hypothesize, experi­
ment, gather data, analyze, and draw conclusions. . . (5, pp. 1-2). 
Important Questions Concerning BSCS 
According to BSCS at the University of Colorado, approximately 400 
letters a month are received at Boulder, Colorado concerning many of the 
aspects of the program. Many of these questions requested the same in­
formation; for that reason, a publication which contained the most common 
questions was published in June, 1969. Some of these which are pertinent 
to this study are as follows: 
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Has BSCS High School Biology resulted in a national curriculum? 
No. The BSCS materials are available to schools along 
with the more than two dozen other high school biology 
books. Individual schools and school systems are free 
to select from among the competing texts, which include 
the BSCS Biology books. The aim of the BSCS is not to 
"sell" books, but to provide models--to educators, pub­
lishers, textbook writers--of what competent research 
biologists, high school biology teachers, psychologists, 
and other specialists think are good ways of teaching 
general biology at the high school level, . . 
By introducing additional materials, BSCS has had the 
effect of reducing the possibilities of a national 
curriculum by lessening teacher dependence upon the 
two books which were used in the majority of high schools 
in the United States prior to 1960. 
What is the difference between the three BSCS versions? 
Biology as a field of knowledge can be thought of as a 
three-dimensional structure. 
The levels of biological organization constitute one. . . 
Organizing conceptual schemes (BSCS) constitutes the second. 
Kinds of organisms used for illustrative purposes consti­
tutes a third dimension. 
Biological inquiry, as a method of obtaining knowledge, per­
vades the whole structure. When biology is conceived in this 
way, specific facts and principles become meaningful as they 
are related to these dimensions. Without so relating them, 
specific facts and principles represent isolated clusters or 
bits of information; by so relating them, these bits become 
a part of an organized intellectual structure. 
This does not mean that there is only one way of understand­
ing biology as a field of knowledge; . . . some biologists 
think of molecular biology as the fundamental area of biolo­
gy upon which all other biological knowledge is based--that 
biochemistry is fundamental to an understanding of the e-
volution of living organisms. Others consider that repro­
duction, development, and evolution are the areas which de­
serve the major emphasis. Still other biologists consider 
the ecological and behavioral aspects of primary importance 
and feel that problems relating to the human species in the 
biosphere are the most appropriate for study by future citi­
zens. These three, of the many possible ways of studying 
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biology, are the basic approaches in Biological Science : 
Molecules to Man (Blue version), Biological Science : An 
Inquiry into Life (Yellow version), and High School Biology, 
BSCS (Green version), respectively. 
What other BSCS materials are available for use? What supplemental 
materials are available for the student? 
Student materials for each version include both text and 
laboratory experiments. These may be bound together or 
separately. The books are available only in sets includ­
ing both lab and text, since both volumes are required for 
an integrated and balanced presentation of BSCS Biology. . . 
There is a series of six-week Laboratory Block units a-
vailable. Any one of these blocks may be used to supple­
ment any of the courses of BSCS Biology. Each block is 
centered around one area of biology, and through the lab­
oratory experiences therein, the student can gain a deep 
insight into the processes of scientific inquiry. 
A series of 40 Single Topic Inquiry Films is available and 
may be used in connection with BSCS Biology. This series 
consists of short, silent films that provide data for de­
veloping specific concepts found in BSCS Biology. The 
films are designed as inquiries into biological problems, 
with Teacher's Guides for directing the inquiry. 
To what extent have the resources of the profession been used? 
Has previous research been reviewed and used? 
From its beginning BSCS has sought and obtained the involve­
ment of top level professional biologists, outstanding 
science educators and school administrators, psychologists, 
media specialists, superior high school teachers, and stu­
dents representative of typical high school populations. To 
date, exclusive of students, several thousands of individuals 
have contributed directly to BSCS Biology. Scores of in­
dividuals and organizations reviewed the materials. Some 
1,000 teachers, who tested the materials in their classrooms, 
gave their reactions and made suggestions for improvement and 
modifications. All these reactions were carefully considered 
in preparing the revised manuscripts. 
Prior to the first Summer Writing Conference, the BSCS asked 
Dr. Paul Hurd of Stanford University to prepare a review of 
biology teaching, including the work of previous committees 
studying biology teaching, textbooks, and research in biology 
teaching since 1890. This summary, now available as BSCS 
Bulletin No. 1, served as background for the writers. All 
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other available studies were consulted for pertinent in­
formation. 
Was any classroom pretesting of the BSCS materials done? What kinds 
of schools were used for pretesting? What were the results of such 
pretesting, and what changes were made in the experimental materials 
to reflect these results? Was there any other kind of evaluation of 
the materials before they were put into final form? 
Experimental editions of the initial BSCS tests were used 
by well over a thousand teachers with over 200,000 students 
in the three years preceding the first commercial publica­
tion. The books were tested in a wide variety of school 
situations. All courses have been used successfully in 
both large and small schools, in rural and urban areas, in 
every section of the United States, in public schools, and 
in private sectarian and non-sectarian schools. 
During the first two years of testing each course, teachers 
sent back weekly reports on their classroom experiences with 
the BSCS textbooks. Students were examined with specially 
constructed tests to determine the extent to which they were 
learning those ideas that were considered important and the 
extent to which they could master "difficult" materials in­
volving such "new" subject matter as chemistry, genetics, 
physiology, and microbiology. 
What prior student knowledge is required for use of BSCS Biology 
materials? 
Prior courses in chemistry and physics are not necessary for 
successful mastery of BSCS Biology. However, where students 
have had good previous experiences in middle school physical 
science and mathematics, the class may be able to move along 
more rapidly and pursue various areas of the BSCS course in 
greater depth. The increasing emphasis on physical science 
and mathematics in the elementary and middle school programs 
has almost made this question academic. 
The chemistry, physics, and mathematics used in the BSCS 
books are explained in sufficient detail to be absorbed with­
out prior background. It must be remembered that they are 
introduced as a means to learn something about biology--not 
as something to be learned for its own sake at this level. 
It would be unfair tax, indeed, upon all concerned if bi­
ology courses also had to assume the burden of teaching de­
tailed chemistry, mathematics, and physics. 
Are BSCS Biology books more expensive than other books currently a-
vailable? What does classroom implementation of the program require 
in terms of supplies and equipment? 
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The BSCS books are priced competitively with other texts 
and lab guides now on the market. (It should be kept in 
mind that the price of a student set of materials for 
BSCS Biology includes both text and lab guide.) 
Teaching a laboratory-oriented biology course requires an 
adequate laboratory, whether the course is conventional or 
BSCS Biology. The cost of a good laboratory situation is 
not greater for BSCS Biology than for a traditional course. 
Do the BSCS courses differ as to the level of difficulty? 
The goal of the BSCS writers was to produce the three 
versions at similar levels of difficulty. A very ex­
tensive evaluation program has been concerned with this 
matter as well as with other aspects of the BSCS courses. 
Large numbers of students who had studied each of the 
three versions were given the same comprehensive final 
examination. This result indicated that the versions 
were of equivalent difficulty and were of equivalent ef­
fectiveness in teaching high school biology. 
In our school we are going to use one of the versions in the ninth 
grade so that students can have an extra year of science in senior 
high school. Do you have any suggestions about which version to 
use? 
Each of the BSCS versions was designed for average and 
above average youngsters at the 10th grade. 
I have reviewed one of the BSCS courses and find that some of my 
favorite exercises--such as the dissection of the crayfish, the 
dissection of the frog, and the dissection of the earthworm--are 
not included. What BSCS exercise would you recommend be omitted 
so that I could include these favorite dissection exercises of 
mine? 
None. This matter was considered carefully when the labor­
atory exercises were written and it was felt that the ma­
terials presently included is of greater educational value 
than the materials omitted. 
The BSCS courses do not include as much identification of animals 
and plants and several other subjects as we previously taught in 
our general biology. Do you think these aspects of biology aire 
unimportant? 
On the contrary. These are very important aspects of biology, 
but they should be started at the middle school level or ear­
lier. 
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Is a BSCS version a rigid course or could one deviate rather wide-
from it? 
Both procedures are possible. The text and laboratory guides 
are designed to provide an interesting and modern course in 
biology for 10th graders. However, there is a tremendous 
amount of built-in flexibility. 
Who decided the final content of BSCS publications? 
Responsibility for content of all BSCS publications has been 
under full control of the BSCS writers, who are research bi­
ologists and high school teachers. Content control has not 
been vested in the publishers. 
How many books comprise a BSCS course? 
For each version there is a textbook, associated laboratory 
materials and a teacher's manual. The textbooks and labor­
atory manual may be bound together in a single volume or 
bound separately in two volumes. The teacher's manual may 
be in one volume or two volumes. 
Do teachers need special training before teaching a BSCS course? 
This depends on the background of the teacher to a very large 
extent. Less preparation is needed if the teacher has had 
recent training in modern biology and understands inquiry and 
teaching methods useful in implementing an inquiry approach— 
including, among other, laboratory and field techniques. 
There are many teachers with good background who can teach a 
BSCS course without receiving additional training. For others, 
the BSCS Biology Teacher's Handbook may provide sufficient 
additional background. 
What effect has BSCS program had on student achievement in college? 
Early in 1966 Dr. Arnold B. Grobman, Chairman of the Steering 
Committee, made a survey regarding this problem- He wrote to 
200 biology departments in all types of colleges and universi­
ties. On the basis of answers to his questionnaire the fol­
lowing information was elicited: students who have had the 
BSCS Second Course are far more likely to major in biology 
than students who have had a traditional advanced placement 
course. These students seem to be about equal to those who 
have completed a half year of a freshman collegiate biology 
course. Interest in biology on the part of majors and non-
majors alike seems to be increasing and is partly related to 
the new high school courses. Freshman courses are being up­
graded in a number of colleges because of the BSCS preparation 
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of students. The better work in college biology is always 
a reflection of newer high school chemistry and mathematics 
courses. The BSCS students tend to be impatient with tra­
ditional gollege freshman courses while students taught in 
the conventional way often find them challenging. BSCS 
students seem to have a slight edge in handling tests, in 
working in the laboratory, in entering into discussions, and 
in understanding the nature of science. An unusually high 
proportion of the best students seem to have BSCS background, 
but this may reflect the general progressiveness of the se­
lected high schools from which the colleges drew students. 
Similarly, a study conducted by Dr. Jack L. Carter and Allan 
R. Nakosteen in 1966 and 1967 sampled 8,500 college freshman 
who had completed their tenth grade biology courses in the 
academic years 1963-64 and 1964-65. Those college freshman 
who had completed a BSCS high school biology course were 
superior at the 0.01 level on both inquiry and recall items 
(F test of variance) to those college freshman completing a 
non-BSCS Biology course. These data suggest that BSCS stu­
dents perform better than non-BSCS students in introductory 
collegiate biology courses. 
What preparations are colleges making for the students trained in 
the BSCS program? 
A great contribution of the BSCS program has been the jogging 
of some college teachers out of their complacency. In some 
colleges where BSCS students demonstrate more proficiency 
than non-BSCS students, they are exempted from part or all of 
their freshman biology. A number of colleges are making ini­
tial efforts to prepare the teachers of the local areas to 
handle BSCS programs. A significant number of others are in 
process of drastically changing their own biology courses and 
some have begun planning to offer different kinds of freshman 
biology. 
Do you expect the impact of BSCS secondary school courses to be 
greater or less in future years? 
It is expected to be greater. A typical example in one 
college which has assembled comparative data over a three-
year period shows that in 1963-64 freshman class 3% entered 
with a BSCS background. The following year 10% entered with 
a BSCS background. The following year, 1965-66, 19% entered 
with a BSCS background. The BSCS impact on college freshman 
courses began to be marked in 1967 when the Carter study, a 
sample of 806 college freshman participating in the examin­
ation, showed 30% to have completed a BSCS high school bi­
ology course (5, pp. 2-12). 
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Statistical Studies of High School Biology 
At Northern Illinois University, Gibson examined both content em­
phasis of the three BSCS versions and achievement of students exposed to 
each in terms of the common BSCS objectives. The purpose of his study 
was to provide distinctions among the versions which could be used by 
school officials as selection criteria. The study included the texts as 
well as the laboratory manuals. 
Significant differences were found among thé BSCS versions and 
laboratory manuals in the emphases given to five of the the nine common 
BSCS content objectives. Significant differences were found among the 
version treatment groups in over-all achievement as measured separately by 
the BSCS-Comprehensive Final Examination and The Processes of Science Test. 
Finally, significant differences were found among the version treatment 
groups in achievement of most of the common BSCS objectives as measured by 
the common objective part-tests. There was not always consistence between 
differences in version content emphasis upon BSCS objectives and treatment 
group achievement of them (14, p» 3372). 
Arent H. Schuyler wrote in 1966 that steps had been taken in the 
right direction because of BSCS use and influence. Probably one-fourth to 
one-third of the nations' schools incorporate BSCS into their tenth grade 
biology classes. But he further states: 
Educational psychologists estimate that we retain less 
than one-fifth of what we study in school. I submit that 
present biology texts have not considered what this 20% 
should be and that they have not had the courage to take a 
stand for meaningful content for this particular time (37, p. 378). 
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Lisonbee and Fullerton compared high school BSCS vs traditional 
high school biology texts and made the following conclusions and re­
commendations: 
1. With CTMM.(California Test of Mental Maturity) and ITED (Iowa 
Test of Educational Development No. 6) scores held constant: 
The experimental groups did not differ significantly on the 
Nelson Biology Test. 
2. A significant difference appeared between the middle and 
high ability experimental group and the middle and high 
ability control group on the BSCS Achievement Test, the 
experimental group excelling. A t-test indicated that 
the experimental (BSCS) middle ability subgroup yielded 
a significantly greater adjusted mean on the BSCS test 
than the control (non-BSCS) middle ability subgroup, the 
only place in the study where a significant difference 
appeared in achievement between the middle and high a-
bility levels. 
3. No significant differences appeared in achievement between 
the middle and high ability levels on either of the two 
tests with CTMM and ITED scores held constant. 
4. No significant differences in achievement appeared among 
schools on the Nelson but did on the BSCS test. 
His recommendation was that new samples and broader populations need 
to be selected, to follow-up retention for understandings for a long period 
of time. Further suggestions were made that the study may indicate that 
students through the BSCS program learn the important core of information 
of the traditional plus the new, up-dated biological knowledge incorporated 
in the BSCS course (27, pp. 594-598). 
George P. Hollenbeck's prediction study used DAT (Differential Apt­
itude Tests) and the DRT (Davis Reading Tests) and he found substantial 
validities for predicting first-year high school biology achievement. The 
DAT (VR + NA) had the validity of the individual DAT scales. As indicated, 
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the high DAT-Davis correlation showed little gain in validity which result­
ed from combining the DAT (VR + NA) and Davis scales (19, pp. 439-442). 
Ralph Cain at the University of Texas studied data related to mathe­
matical aptitude and achievement, achievement in biology, and verbal rea­
soning ability. Data were collected for two groups of tenth grade biology 
students, one enrolled in BSCS Yellow version and the other in a tradition­
al program- Partial correlation analysis was used to measure and compare 
relationships between selected pairs of variables within the BSCS groups. 
Results of the study indicated that the relationships between mathe­
matical aptitude and biology achievement were significantly higher for the 
BSCS group. Other results showed that relationships between mathematical 
aptitude or achievement and achievement in different portions of the BSCS 
program did not differ significantly. 
As a primary implication, it was suggested the need to consider the 
mathematical aptitude of potential biology students before placing them in 
a biology program of BSCS type. Special remedial classes for students of 
low mathematical aptitude might be made prerequisite to enrollment in a bi­
ology course of the BSCS type (8, pp. 255-259). 
Relationship between High School Biology 
and Transition to College Programs 
The investigation of any introductory college course Is an important 
problem in the selection and guidance of students who aspire for careers in 
the biological sciences as well as those students who need a course to ful­
fill a science requirement. A search of the literature reveals a volumi­
nous accumulation of course evaluation and achievement in various curricu­
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lum at the college level. However, it is viewed by the writer to consider 
only literature that actually pertains to developments leading up to the 
current curricula in the biological sciences. 
Thought must be given to high school students background in order to 
plan college courses to meet the needs and objectives of introductory col­
lege courses. Adams (1» p. 319), Monteau (28, p. 36), and Rozolis ^36, 
p. 704) contend that many college teachers still fit their courses to their 
whims, regardless of the student's background in high school. 
Renner views that, "Attempts to improve the transition between high 
school and college are noticeable in only a few universities " (34, p. 618). 
Postlewait considered that colleges should consider high school pre­
paration in placing students and in designing introductory courses, which 
would not only upgrade instruction in college but would also encourage high 
school teachers to improve their teaching (33, pp. 97-100). 
In 1966 Alice Crawford Jenkins finalized a study of the relationship 
of certain measurable factors to academic success in freshman biology. On 
the basis of her findings, it would appear that the following conclusions 
might be drawn: 
1. That rank in high school graduating class is the best pre­
dictor of academic success in freshman biology with read­
ing ability, critical thinking ability, mental ability, and 
achievement in general science following in that order. 
2. That achievement in general science is almost negligible for 
use in predicting success in freshman biology, 
3. That the Watson-Glaser Critical Thinking Appraisal be admin­
istered to incoming freshman registering in the Department 
of Biology. 
4. That the Department of Biology use information obtained 
through the regression equation to structure the course 
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content and number of sessions of General Biology offered 
per semester (24, p. 2279). 
Rozolis investigated the impact in the biology programs at the Uni­
versity of California, Los Angeles, resulting in the secondary school a-
doption of the BSCS Program. Teachers, administrators, and professors wer: 
asked in a structured interview why a particular Blue, Green or Yellow ver­
sion program was selected. The article was one of a series of four pub­
lished in Bioscience. The sample included professors of the University of 
California at Los Angeles and the teachers and administrators of the school 
systems surrounding the university. Excerpts from his study are as fol­
lows : 
. . .  a  b a s i c  w e a k n e s s  o f  t h e  B S C S  p r o g r a m  i s  t h e  n e w  c u r ­
riculum which expects and requires a significant amount of 
basic knowledge on the part of the student in the discipline 
of mathematics, chemistry, physics, and laboratory technique 
if he is to fully understand and appreciate the BSCS material. 
The vast majority of biology students have no such prior know­
ledge of any type, for there is no preparatory course offered 
in these subjects prior to the tenth grade biology course. 
. . . as a further consequence of this, much time must be taken 
to teach these fundamental concepts. As a result, nearly 40% 
of the laboratory experiments and nearly 10% of the text 
material cannot be completed. 
. . . Students who undertake the BSCS curriculum, more spe­
cifically the Blue version, believe they know more than they do. 
Upon reaching the University they are rather smug and are adept 
at using jargon or vocabulary; yet they know nothing of the 
real meaning of the terms which they utilize with such casualness. 
They are capable of manipulating the laboratory equipment, but 
actually understand very little of the reasoning behind the ex­
periment . 
Further comments in the study are so stated as follows: 
. . . most of the BSCS authors had never taught a high school 
biology course and were oblivious to the limitations, including 
the limited amount of classroom and preparation time, great num­
ber of administrative interruptions, limited amount of scientific 
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equipment, facilities, and materials, and other demands that are 
made upon the teacher. 
. . . One of the greatest disadvantages of the BSCS curriculum, 
as seen by . . . teachers and administrators, is the distinct 
threat which it poses in terms of a national control of school 
curricula (35, pp. 452-453). 
A study by Johnsten revealed significant difference in gain in 
achievement of students who had taken a course in elementary high school 
chemistry, and students who had taken a course in elementary high school 
physics, two years or less in high school mathematics 12, students who had 
not participated and students who had participated in extracurricular high 
school science activities, and students taught by high school teachers with 
0-17, 18-35, and 36 or more college semester hours of biological science 
preparation. The results of his study showed significant differences at 
the 0.01 level in gain in achievement in students who had taken high school 
chemistry and college chemistry, and students who taken physics and high 
school mathematics for three and one-half or more years. Significance was 
found at 0.05 levels in gain in achievement between students who had not 
participated in extracurricula high school science activities. There was 
no statistically significant difference in gain in achievement among stu­
dents taught by high school teachers with 0-17, 18-35, and 36 or more se­
mester hours of biological science preparation. 
Students who had taken high school and college chemistry, high 
school physics, two and one-half or more years of high school mathematics, 
and students who had participated in extracurricular high school science 
activities made larger gains in achievement than students who had not taken 
these courses or activities. Students who were taught by high school 
35 
teachers with 0-17, 18-35, or 36 or more hours of biological science pre­
paration showed no differences in gain in achievement (25, p. 1989). 
The same year, Garrett made a comprehensive study to determine 
whether college students who have taken BSCS high school biology attain 
significantly different grades in college biology courses at the Univer­
sity of Missouri than do college students who have taken a non-BSCS high 
school biology course, and (2) to determine if first year college students 
who have had a high school BSCS course possess significantly different at­
titudes toward college science courses than do non-BSCS high school biolo­
gy students. From his study the following conclusions were made: 
1. No one high school biology course-content background is as­
sociated with significantly different achievement in Intro­
ductory Zoology at the University of Missouri, when the ef­
fects of scholastic ability, as measured by the School and 
College Ability Test, and the number of additional high 
school science courses are controlled. 
2. No one high school biology course-content background is as­
sociated with significantly different achievement in General 
Botany at the University of Missouri, when the effects of 
scholastic ability, as measured by the School and College 
Ability Test, and the number of additional high school science 
courses are controlled. 
3. The type of high school biology course studied had no relation­
ship to the attitudes that students hold toward science once 
they had a college zoology or botany course at the freshman 
leve1. 
4. The BSCS material and non-BSCS material as presently utilized 
by high school teachers are equally effective in providing a 
biology background for the study of Introductory Zoology and 
General Botany at the University of Missouri. 
5. Although the difference in achievement were not significant, 
the instructional objectives and methodology by the college 
botany and zoology courses at the University of Missouri tend 
to favor students who have non-BSCS high school biology course-
content backgrounds (13, pp. 114-116). 
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Pinchas Tamir at Cornell University deals with the impact of high 
school preparation on achievement and attitudes of students enrolled in 
introductory biology in college, with special references to the BSCS biolo­
gy. Achievement in various facets of college biology was measured by re­
gular examinations, and pretests were administered as if they were a part 
of the instructor's evaluation routine. Attitudes and interests were as­
sessed by means of a questionnaire. The Rokeach Dogmatism Scale, and the 
TOUS Form W were used also. The statistical procedures employed were: chi 
square, correlations, factor analysis, stepwise multiple regression, anal­
ysis of variance and covariance. 
External validity is claimed for courses and students similar to the 
ones at Cornell. The following are the major findings (41, pp. 263-275); 
1. Introductory biology as now taught fails to account for 
differences in preparation, in abilities and in attitudes 
of the incoming students. 
2. Most students enrolled in introductory biology are severely 
penalized by not having taken biology and/or chemistry in 
high school. 
3. There is no apparent advantage to students who had advanced 
placement. High school students will be better off taking 
other science courses, as chemistry, instead of a second year 
of biology. 
4. As far as preparation for college biology is concerned, high 
school vocational agriculture, as now taught, is no sub­
stitute for science courses. 
5. It is advantageous for students not well prepared in biology 
and chemistry to take introductory college biology as sopho­
mores rather than as freshman, and to take chemistry prior 
to or concurrently with introductory biology. 
6. Attitudes and interest, as measured in this study, have only 
slight effect on academic achievement. However, a highly neg­
ative attitude results in lower achievement, especially in the 
laboratory. 
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7. Academic achievement in biology appears in factor analysis as 
a distinct factor loaded mainly with cognitive variables. Cog­
nitive abilities appear to be highly related to specific con­
tent areas. 
8. BSCS biology is not necessarily adopted by the better high 
schools. There seems to be a consistent increase in the adop­
tion of the Yellow version. 
9. Means scores of BSCS students in introductory college tiology 
are not better than those of traditional students. 
10. As far as achievement in college biology is concerned, the BSCS 
does not discriminate against girls. 
11. BSCS students as compared to traditional students have lower 
rates of failure and attrition. Practically, neither failure 
nor attrition is exhibited by Yellow version students. 
12. BSCS students excel in performance which involves higher cog­
nitive abilities. 
13. Students who had laboratory block in high school achieve 
in college biology significantly better than students who did 
not have such blocks. 
14. Green version students, as compared to other versions, achieve 
better and hold more positive attitudes toward biology. 
15. Yellow version students, as compared to other versions, achieve 
better and hold more positive attitudes toward biology. 
16. Blue version students, with the exception of the highly talent­
ed, have the lowest achievement, and hold the least positive 
attitudes toward biology. Hence, the Blue version is not re­
commended for most tenth grade biology students. 
From the review of literature, it was found that most authors used 
the three BSCS (BV, GV, YV) as one group and traditional as the second 
group. Another approach was to expose the students to various attitude 
scales and series of standardized tests. From these studies, it was de­
cided to use existing high school background variables such as BSCS 
(BV, GV, YV) as three separate groups; then include the traditional text 
that seemed to be the most commonly found in the high school > Brown (30) 
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version and any other biology text used in high school. In doing so, this 
permitted observations of the groups in more detail as separate treatments 
plus a gain in degrees of freedom for statistical investigation, thus 
giving df = 5 for the six treatment groups, the last group did not take 
biology in high school. Another concern for investigation was high school 
chemistry. Both of these background variables were of interest for 
analysis in achievement at the college level. 
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CHAPTER III. PRINCIPLES OF BIOLOGY 101 AT IOWA STATE 
Heraclitus writing in the fifth century before Christ about change 
in organisms, lands and seas, said that "All is change; only change is 
changeless" (32, p. 366). In this the beginning of the seventies, the 
changes in culture, physical environment, and science are overwhelming. 
They are characteristic of the Scientific Revolution. 
Before 1969, the Zoology and Botany Departments at Iowa State 
offered their own individual courses titled Principles of Zoology 101, 
The Animal Kingdom 102, and General Botany 101. About one-fourth of the 
incoming freshmen elected to enroll in one of these traditional courses 
for one quarter. Botany placed extra stress in phylogenetic approach to 
plants. Zoology 101 and 102 encompassed the nature of cells, tissue, or­
gans and their functions, morphology and life cycles of selected organisms. 
Evolving from these three courses came the biology core sequence. 
This began with Principles of Biology 101 at Iowa State University. It was 
established for the Fall Quarter 1969 to meet the needs of students in­
tending to take more advanced work in any of the biological sciences. A 
student had to achieve a grade of D or better in order to receive credit 
for the three hour course. 
It was intended for students majoring in the biological sciences 
to take the following 21-credit sequence: Biology 101, Experimental Bi­
ology lOlA, Environmental Biology 103, General Zoology 106, General Bot­
any 107, and General Bacteriology 300. This sequence serves as a "core" 
around which a student majoring in biology or in one of the biological 
sciences could build his professional program. 
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The non-majors were enrolled in the 10-credit sequence Biology 
101, Biology of Organisms 102 (Laboratory for non-majors) and Environment­
al Biology 103, providing the non-major with a broad look at origin, struc­
ture and function of living organisms as well as their interaction, parti­
cularly with respect to man. 
The students involved in Biology 101 were of three different types : 
(1) biological science majors that took the 21-hour sequence, (2) non-
majors enrolled in the 10-credit sequence, and (3) students that took 
Biology 101 as an elective with no further experiences in the sequences. 
Biology 101 Goals^ 
1. To know some facts of biological functions and structures 
2. To know some generalizations of biological functions and 
structures 
3. To appreciate the relatedness of all life 
4. To understand the forces operating through the past and present 
to create the contemporary life forms 
5. To appreciate the historical role of biology in helping man 
understand himself and his environment 
6. To better understand the biological characteristics of man 
7. To understand the role of biology in the creation of contem­
porary social conditions 
8. To appreciate man's increasing ability to design his future 
society through biological knowledge 
^r, Robert Frank, Biology Dept,, I.S.U., Ames, la. Objectives 
of Biology 101. Private communication. 1970 
41 
Biology 101 consisted of 29 meetings of one hour in length. 
Two of the meetings were used for exams with an additional two-hour final 
exam. The course content was as follows: 
Meeting # Lecture Title 
1 Life in the Universe 
2 Life Chemistry 
3 Cells: Origin & Physical Processes 
4 Cells; Physiology & Anatomy 
5 Cells: Heteroptrophs & Energy Rela­
tionships 
6 Cells: Autotrophs & Energy Relation­
ships 
7 (EXAM 1) 
8 Mitosis 
9 Multicellularity & Development 
10 Forms of Reproduction 
11 Meiosis 
12 Plants & Animals: Life Cycles & 
Adaptations 
13 Plants & Animals : Life Cycles & 
Adaptations 
14 Plants & Animals : Life Cycles & 
Adaptations 
15 History of Genetics 
16 Medelian Genetics: 1 & 2 Factor 
Crosses 
17 Sex Determination, Sex-Influenced 
Characters 
18 Sex Linkage, Multiple Alleles, Rh 
Inheritance 
19 (EXAM II) 
20 Crossing-over, Mapping 
21 Human Heredity 
22 Genes, DNA, & Viruses 
23 Protein Synthesis 
24 Mutation 
25 The Voyage of the Beagle 
26 Before and After the Origin of Species 
27 Evidence for Evolution 
28 Population Genetics 
29 The Synthetic Theory & the Future 
(FINAL EXAMS) 
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CHAPTER IV. METHOD OF PROCEDURE 
This chapter describes the procedures that were used to gather and 
analyze the required data for this study. The chapter has been divided in­
to six parts: (1) Selection of the Sample, (2) Description of the In­
struments, (3) Independent Variables, (4) Criteria Variables, (5) Col­
lection of the Data, (6) Treatment of the Data. 
Selecting the Sample 
Through the cooperation of Dr. Robert G. Franke, Dr, C. C. Bowen, 
and Dr. John S. Mutchmor of Iowa State University Biology Program, a 
questionnaire and an Achievement Test designed for Biology 101 was given to 
all the students in each of the five sections. 
The initial decision was made to consider the part of the sample 
that Biology 101 was designed to serve, that being freshman students. 
In addition to the above criterion, six additional criteria were 
used to select a sample of students from the five sections. 
1. The student must have completed and received a grade of A, B, C, 
D, or F in Biology 101 Fall Quarter 1969. 
2. The student must have completed the questionnaire designed for 
Biology 101. 
3. The student must have completed the Achievement Test designed 
for Biology 101. 
4. The student must have been a first quarter freshman that en­
rolled Fall Quarter 1969. 
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5. The student must have completed a minimum of 12 hours Fall 
Quarter 1969. 
6. The student must have graduated from a high school located 
in the United States. 
The first criterion excluded from the sample any student who with­
drew from Biology 101 and received either a WP (withdrew passing) mark or 
a WF (withdrew failing) mark. In private conferences with each teacher no 
WF's were given. Each student was permitted to "ithdraw from the class up 
to the last week of the quarter. 
The second criterion was included as source of information for 
identification of the high school biology programs and to find out if the 
student had high school chemistry. 
The third criterion was included to be used as a dependent variable 
to be discussed later in this chapter under criterion variable. 
The fourth criterion was included to insure that no transfer stu­
dents be included as well as students that might have enrolled prior to 
Fall Quarter 1969. 
The fifth criterion provided that each student be full-time and not 
enrolled in some special category. 
The last criterion provided for a common pre-college education back­
ground and eliminated students who attended a high school in a foreign 
country whose similarity to an American high school could be questioned. 
The above data came from three sources, (1) Iowa State Student Coun­
seling Service, (2) class rolls, and (3) the Achievement Test and question­
naire given to the students. 
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The above criterion was dependent somewhat on the investigator's 
personal opinion based on several years of teaching high school biology, 
what other authors used on previous similar studies, and consultations 
with those familiar with studies of this type. 
Most state Universities require some sort of entrance examinations. 
The same is true for Iowa State University. The Counseling Service at 
Iowa State carries on a continuous study using HSR, MSAT, ENG, and MATH 
to predict grade point average. For this reason, it was decided to use 
these four continuous variables as part of the regression equation. The 
following gives a brief description of the independent variables used in 
this investigative study that were obtained from the Counseling Service. 
1. HSR (high school rank). The HSR is computed by ranking the students 
in a given high school class starting with the highest ranking 
students as number I. This rank is computed based upon a scale 
of 100. 
2. iSAT (Minnesota Scholastic Aptitude Test). The 1957 edition of the 
MSAT by Wilbur L. Layton and Herbert Toops is used. The test is 
divided into five paragraphs, all of them similar but becoming 
progressively more difficult. Each paragraph is divided into three 
subtests, namely, reading comprehension, vocabulary, and verbal 
analogies; mathematics is not involved (raw scores used). 
3. ENG (English Placement Test). This test gives some evaluation 
of a students background in various phases of English such as 
grammatical usage, punctuation, capitalization, spelling, sentence 
structure, style, active vocabulary and organization (raw score 
used). 
4. MATH (Mathematics Placement Test). This is a new test provided 
by the College Entrance Examination Board (CEEB). It is designed 
to measure the student's ability to handle fundamental operations 
in arithmetic, algebra, trigonometry, and geometry. This is the 
first year (1969) the examination has been used, but preliminary 
results indicate it is a better measure of mathematical ability 
than the tests used in past years. This test will be more closely 
evaluated after more entering Freshmen have completed it. 
Description of the Instruments 
The instruments used in collecting data for this study consisted of 
two parts (see Appendix A). The first instrument was a questionnaire given 
the last week of classes at the end of the quarter. This was used to 
Identify the biology program used by the student in the high school. It 
identified if the student took high school chemistry. A colored 35mm slide 
was projected on the screen in each class section showing the books as fol­
lows: Blue version. Green version. Yellow version and Brown version. 
The second instrument was an Achievement Test which contained items 
relative to the content of the course in Biology 101. In order to obtain 
the cooperation of the three professors involved in teaching the course, it 
was necessary to share part of the allocated final examination time. Each 
professor agreed to limit his final exam to approximately one hour which 
meant it was necessary to give an additional test that would not exceed 
more than 30-40 minutes. The Achievement Test was given to the students 
the same time the final exam was given. The student was told to do the 
course final first, then complete the Achievement Test. The student was 
told this was a test given to help improve Biology 101 but the score would 
in no way influence his grade in the course. The instrument contained an 
answer sheet so that the test could be scored by the Iowa State Testing 
Service. This instrument combined twenty items from a test to permit a 
student to test-out of Biology 101 at the beginning of the quarter. In 
order for the student to receive credit for the course without taking it, 
he must make seventy percent or more for advanced placement. 
Each student was identified by name and social security number. 
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The MSAT test scores were useful in handling the problems in cases 
where it was advisable to distinguish a student's mental ability from his 
high school preparation and his industry. The MSAT indicated the student's 
ability for college level work. Tests such as English and Mathematics 
placement indicated how well prepared the student was for college level 
work in these particular areas. The HSR indicated past performance of the 
individual which was the best predictor as to how industrious the student 
would be in college (23, p. 2). 
The decision was made to consider what college the student was ma­
triculated. This was of interest to investigate the success of the stu­
dents in the various colleges enrolled in Biology 101. 
Some of the problems of this study were: (1) to identify the parti­
cular program the student used in high school, (2) if the student took 
high school chemistry, and (3) if these related to student achievement in 
Biology 101. 
The variable of the laboratory was added to the study since this 
was one of the three types of students mentioned in the course description 
of Biology 101 in Chapter III. 
The last variable selected was that of sex of the student. Many 
authors in education considered this important. Based on the above, the 
following data were obtained and recorded on a worksheet; 
1. Type of biology 
2. Took h.s. chemistry 
3. Did not take h.s. chemistry 
4. College matriculation 
5. Sex of student 
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6. Student did take laboratory 
7. Student did not take laboratory 
8. Final grade in Biology 101 
9. Achievement Test designed for Biology 101 score 
10. HSR (high school rank) 
11. MSAT (Minnesota Scholastic Aptitude Test) 
12. ENG (Iowa State English Placement Test) 
13. MA.TH (Iowa State Mathematics Placement Test CEEB) 
Since only the factor of having taken a certain program in high 
school biology and chemistry was of concern, the grades received by the 
students in these courses were not recorded. However, the academic qual­
ity of the students' high school background was considered on a more gen­
eral basis by including their high school rank. 
It should be noted that only those independent variables that 
dealt with the student's background prior to taking Biology 101 were re­
corded. This was done in order to make the results of greater value for 
the counseling of students and their relationship to student achievement 
before enrolling in Biology 101 at Iowa State. 
Criterion Variable 
The Fall Quarter of 1969 Biology 101 final grade was used as a de­
pendent or criterion variable in this study. This grade was based on two 
tests during the Fall Quarter of 1969 and a final examination. 
The decision was made to use two dependent variables. The first 
one was the final grade as mentioned above, and the second a special 
Achievement Test designed for Biology 101. The items in the test were 
48 
items used from a more complete test for students to test-out or receive 
advanced credit for the course. This test consisted of 20 items. It was 
graded and an item analysis was used on the test by the Iowa State Testing 
Service (see Appendix A). The reason for using another criterion was to 
have a measure that was less discrete and would have more of a continuous 
measure for a dependent variable. The other decision in this matter was to 
investigate the relation of the Achievement Test to success in Biology 101. 
Treatment of the data was discussed further in the last part of this chap­
ter in addition to results in the findings chapter. 
Collection of the Data 
After all the data were recorded on IBM cards, it was noted that for 
some students data were not recorded on all the variables. Since this was 
the case, it was decided to use only students whose data in all the varia­
bles could be obtained. Complete data were necessary to run a regression 
format. The discussion using regression on this data was recorded later in 
this chapter. 
The final list of selected independent and dependent variables were 
presented be low along with the numerical values coded where it was neces­
sary. 
1. College of student matriculation (Agriculture =1, Education = 2, 
Home Economics = 3, Sciences and Humanities = 4) 
2. Biology versions in high school (BV = 1, GV = 2, YV = 3, 
Brown = 4, other h.s. biology =5, no h.s. biology = 6) 
3. Chemistry in high school (took chemistry = 1, not taken = 0) 
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4. Laboratory (did not take a lab = 1, took lab 10lA = 2, took lab 
102 = 3 
5. Sex of student (male = 1, female = 0) 
6. HSR (high school rank) 
7. MSAT (Minnesota Scholastic Aptitude Test) 
8. ENG (Iowa State English Placement Test) 
9. MATH (Iowa State Mathematics Placement Test) 
10. Final grade in Biology 101 (A = 4, B = 3, C = 2, D = 1, F = 0) 
11. Achievement Test score (range of scores 0 to 20) 
The above data came from three sources, (1) Iowa State Counseling 
Service, (2) class rolls, and (3) the questionnaire and Achievement Test 
given to the students. The data from the Counseling Service were avail­
able on International Business Machine (IBM) cards. Data from the other 
two sources were coded on a 80-column sheet then transferred to IBM cards. 
The two different decks of cards were then collated (matched) by student 
identification number and a new deck was formed to meet the Iowa State Com­
putational Center regression format. 
In the placement tests regarding the sample, only composite raw 
scores were utilized. Iowa State's Counseling Service records only the 
composite raw scores. These tests were MSAT, ENG, and MATH. 
The high school rank (HSR) of the student was considered by Iowa 
State University to be the most meaningful single piece of information 
relevant to prediction of academic achievement at Iowa State (23, p. 2). 
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Treatment of the Data 
One of the primary purposes of this investigation was to determine 
what influence high school biology programs might have had on achievement 
in Biology 101. The first step was to examine the degree of closeness of 
linear relationship between two variables. Snedecor and Cochran (39, p. 
172) defined the correlation coefficient as another measure of the mutual 
relationship between two variables. Hence, the data were divided into the 
six high school biology groups, then the product-moment correlation was 
calculated for each individual group and in turn calculated for the total 
sample (see Appendix B) . The regression variables HSR, MSAT, ENG, and MA.TH 
were each correlated on the two achievement variables (criterion). In turn 
a plot was performed to investigate linearity for each of the X's and Y's. 
The Pearson product-moment coefficient of correlation was obtained by the 
solving of the formula (44, p. 81). 
L xy 
r 
xy 
V( (hh 
r = coefficient of correlation 
xy 
Jjcy = sum of the products of the paired scores expressed in 
deviation form 
= sum of the squares of thë X's expressed in deviation 
form 
= sum of the squares of the Y's expressed in deviation 
form 
Correlations were run to find mutual relationship between HSR, MSAT, ENG, 
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and MATH (see Appendix B). 
It was desirable when two or more independent variables were involv­
ed to use multiple linear regression analysis. 
Snedecor and Cochran (39, p. 381) list three principle uses of mul­
tiple regression analysis: 
1. Constructing an equation in the X*s (independent variables that 
gives the best prediction of the values of Y (criterion variable) 
2. When there are many X's finding the subset that give the best 
linear prediction equation 
3 .  . . .  t o  d i s c o v e r  w h i c h  v a r i a b l e s  a r e  r e l a t e d  t o  Y  a n d  . . .  t o  
rate the variables in order of importance 
The statistical model in deviation form on which linear regression 
is based is : 
° ®o + Vl. + V2. + ••••+ \=h=, + ® 
X X X 
where i ranges from 1 to n = number of individuals in the sample. 
The assumptions of the model are : 
1. The X's are fixed (no variance) and measured without error 
2. At each (X^, Xg, . . . , X^) point, Y is distributed normally 
with mean u = B + BX_ + . . . . B X 
o i l  k  k  
3. The e's are independent of one another (and are normally dis-
2 
tributed with a mean zero and a variance of (T ). 
Normally, as was the case for this study, only a sample from the 
population could be used since it was not possible to examine all the mem­
bers who make up the population. As a result of this, one can only make 
estimates of the B's. These estimates of the B values were represented by 
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the letter b with the appropriate subscript. 
In a regression format, the data must be complete for all the vari­
ables. Hence, a complete frequency count was tabulated on all the vari­
ables and the incompletes were removed from the study. 
Upon complete investigation of all possible equations for regression, 
it was found that MSAT and MA.TH were the two sources of X's that contribu­
ted most to the equation. High correlations were found between MSAT and 
ENG (see Appendix B) and upon investigation of all the possible equations 
ENG was found with no significant loss in the regression equation. The 
same procedure was repeated for HSR. Hence, HSR and ENG were both dropped 
from the equation with no significant loss. 
Consequently, through the use of the three principles of Snedecor 
and Cochran it was found that analysis of covariance was the best tech­
nique to be used on this data (39, pp. 419-420). 
Analysis of covariance was a method that combined the features of an­
alysis of variance and regression. The typical model for analysis of co-
variance is as follows : 
Y. . = u. + B(X. , - X) + Ej, 
If the X and Y are closely related, we may expect this model to fit the 
values better than the original analysis of variance model. The residuals 
should in general be smaller than the residuals in a model not includ­
ing the covariate term. 
One of the uses of covariance was to adjust for sources of bias in 
observational studies. Hence, the term B(X^j - X..) was used in this in­
vestigation to adjust for a possible source of bias in MSAT and MATH scores. 
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It was necessary for some of the analyses of this study to represent 
the high school biology programs, colleges, high school chemistry, labora­
tory, and sex by so-called "dummy variables". The reason for including 
these in the analyses was to observe what effect their inclusion had on the 
regression equation that resulted from an analyses in which they were not 
included. If their inclusion resulted in a statistically significant in­
crease in R then there were differences among them. 
Each of the five main effects (h.s. biology texts, colleges, lab, 
chem, sex) were represented by defining dummy variables X , where X was 
C j c j 
the level or class within the c^^ effect, and where X = 1 if a student 
th ''j 
was classified within the j level, zero otherwise. For example, the set 
of dummy variables representing the biology programs were formed as follows: 
Biology versions X X X X X X 
^1 ^2 ^3 *=4 ^5 ^6 
BSCS BV 1 0 0 0 0 0 
BSCS GV 0 1 0 0 0 0 
BSCS YV 0 0 1 0 0 0 
Brown 0 0 0 1 0 0 
OB 0 0 0 0 1 0 
NB 0 0 0 0 0 1 
In order to solve the resulting equation by least squares, the 
following condition was placed upon the regression coefficient associated 
with this set of dummy variables: 
N 
y b =0 
^ n 
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where b was the regression coefficient for the jth biology text and j 
ranged from 1 to 6. 
Therefore, the b value was calculated for the biology program by 
calculating 
b  = - b  b  
^n ^1 c^-1 
The resulting prediction equation from the biology program has 
the form: 
Y. = b^ + b^Xi . . • . + b X + b 
j 
' , U • U ^<1 • • • • U A. i U
•2 o I I k k =4 
Hence, from the above equation one observes that in analysis of this 
type, the effects of the various biology programs on the criterion variable 
were felt only on the intercept term (b^ + b^ ) and that the regression co­
efficients (aside from b and b ) were the same for all the biology pro-
° 
grams. 
Similar conditions were the same for the other main effects. Dummy 
variables were included in the same manner to compute the first order inter­
actions. 
An excellent discussion on dummy variables was given by Draper and 
Smith (11, pp. 134-142). 
An F-test of significance for contribution to the main effects was 
computed for each first order interaction. The interactions that were not 
significant to the equation were dropped from consideration. 
As a consequence, a model for each of the criterion variables re­
sulted in the following: 
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Model for Final Grade 
We. )+ ^2 > + Bi + Cj 
ijklmn 
+ 1% + Chl + Sm + ^^ik + + Gijklmn 
Model for AT 
AT 
*^ijklmn 
= ii + ) + P(X2ijjç.inju- Xg. J + B. + C. 
+ Ch, + S + CCh.. + E 
G^^ijklmn 
^^ijklmn 
^(^lijklnm " ^1" 
X, 
^(^2ijklmn" ^ 2 
^2 
2^ 
B 
C 
L 
CH 
S 
m jl ijklmn 
= Final Grade in Biology 101 
= Achievement Test designed for Biology 101 
score 
= the over-all mean with subclasses 
= term used to adjust for possible sources of 
bias in comparison among MSAT 
= is the regression coefficient of Y (GRADE) 
on X^ 
= actual MSAT raw score 
= actual MSAT mean for all MSAT scores 
= term used to adjust for possible sources 
of bias in comparison among MATH 
= is the regression coefficient of Y (AT) on 
^2 
= actual MATH raw score 
= actual MATH mean for all MATH scores 
= Biology 101 h.s. biology groups 
= Biology 101 college matriculated groups 
= Biology 101 laboratory groups 
= Biology 101 chemistry 
= Biology 101 sex of student groups 
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i = 1 to 6 
j = 1 to 4 
k = 1 to 3 
1 = 1 to 2 
m = 1 to 2 
= 1, 2, 3 to 
BL = interactions of the six h.s. biology groups 
and three laboratory groups for Biology 101 
ChS = interactions of the two h.s. chemistry 
groups and two sex groups for Biology 101 
CCh = interactions of the four college groups and 
the two h.s. chemistry groups for Biology 
101 
Before concluding, the investigator noted that on multiple linear 
regression analysis necessary procedure was to compute intercorrelations 
between the variables used in the analysis. The correlation coefficient 
between two variables X- and X was as follows: 
1 m 
r ~ 
X-C X f 1 m / n « n , 
V (&i )(.%.) 
i =1 i=l 1 
where x, = X - X- and x = X - X . 
1. 1 m, m. m 
1 11
The correlation coefficients are calculated for each pair of varia­
bles involved in the analysis including the criterion variable and are us­
ually presented in matrix form. Obviously this matrix is symmetric since 
^X.X " ^X X • 
1 m ml 
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CHAPTER V. FINDINGS 
The Sample was drawn from the students who had taken Biology 101 at 
Iowa State University Fall Quarter 1969. Based on the various criteria 
presented in the previous chapter, 857 freshmen students were selected for 
the final sample. 
Because of previously listed criteria, five categories of Biology 
101 students were chosen. The sets of variables used for these five cate­
gories were selected from the list of variables given in Chapter IV, pages 
42-43. Every member of a particular category required a measure for every 
variable included in the category. These were chosen to test differences. 
They were defined as follows: 
Category 1: Included all the freshmen students of the sample who took 
Biology 101. The variables considered in this category in­
volved the six high school biology groups using MSAT and MATH 
as covariants. The criteria variables considered in this 
category involved the two achievement measures, that being 
final grade in Biology 101 and the Achievement Test designed 
for Biology 101. 
Category 2: Included all the freshmen students of the sample who took 
Biology 101. The variables considered in this category in­
volved the four college groups using MSAT and MATH as covar­
iants. The criteria variables considered in this category 
involved the two achievement measures, that being final grade 
in Biology 101 and the Achievement Test designed for Biology 
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101. 
Category 3: Included all the freshmen students of the sample who took Bi­
ology 101. The variables considered in this category involv­
ed the three laboratory groups using MSAT and MATH as covari-
ants. The criteria variables considered in this category in­
volved the two achievement measures, that being final grade 
Biology 101 and the Achievement Test designed for Biology 101. 
Category 4: Included all the freshmen students of the sample who took Bi­
ology 101. The variables considered in this category involv­
ed the two high school chemistry groups using MSAT and MATH 
covariants. The criteria variables considered in this cate­
gory involved the two achievement measures, that being final 
grade in Biology 101 and the Achievement Text designed for 
Biology 101. 
Category 5: Included all the freshmen students of the sample who took Bi­
ology 101. The variables considered in this category involv­
ed the two sex groups using MSAT and MATH as covariants. The 
criteria variables considered in this category involved the 
two achievement measures, that being final grade in Biology 
101 and the Achievement Test designed for Biology 101. 
Results of a General Nature 
The data in Table 1 presented the high school biology groups divided 
by the individual versions along with the mean AT and final grade scores. 
In Table 1, 95.92 percent of all the students took some form of high school 
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biology. The figure was expected since many school systems required biolo­
gy as one of the years of science for graduation from high school. The 
table revealed that 37.69 percent of the students in Biology 101 took one 
of the versions of the high school BSCS programs. BSCS published an arti­
cle in June of 1969 which concluded that 30 percent of all the high schools 
in the nation in 1966 used BSCS programs. 1966 was the year the freshmen 
in Biology 101 were tenth grade students in high school. Since many sys­
tems used BSCS programs for college transfer, the corresponding percentages 
were not too different (4, p. 12). The table corresponds to the percent­
ages of traditional biology offered in the public school when observations 
of the Brown version and other high school biology (OB) are combined. This 
accounts for 53.33 percent of all the high school biology. Looking at the 
mean AT and final grade, results Indicated that the better students took 
high school BSCS YV. 
Table 2 indicated the mean distribution of AT and final grade scores 
by college. The table indicated there were some AT and final grade fluc­
tuations between the various colleges. It might well be observed AT dif­
ferences with the edge going to Home Economics and Sciences and Humanities. 
The final grades seemed to indicate the better students were in the College 
of Sciences and Humanities. A subjective thought to this was that biologi­
cal science majors were enrolled in Sciences and Humanities. Possible dif­
ferences were justified by quality of students in each college. Only when 
the effects of individual colleges (taken as a group) were included in 
multiple linear regression analysis could some final decision be reached 
concerning mean AT and final grade. 
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Table 1. Distribution of AT and final grade grouped by h.s. biology-
versions for the sample of freshmen students enrolled in 
Biology 101 
Versions Number of 
students 
Percent 
AT 
Mean 
Score 
GRADE 
Mean 
Score 
BV 94 10.97 11.16 2.52 
GV 76 8.87 11.67 2.29 
YV 153 17.85 12.00 2.46 
Brown 272 31.74 11.06 2.30 
OB 227 26.49 11.12 2.26 
NB 35 4.08 11.11 2.31 
Total 857 100.00 11.30 2.34 
Table 2, Distribution of means of AT and final grade grouped by college 
matriculation for the sample of freshmen students enrolled in 
Biology 101 
College Number of 
students 
Percent 
AT 
Mean 
score 
GRADE 
Mean 
score 
Agric. 357 41.65 11.20 2.26 
Educ. 122 14.22 10.41 2.15 
H. E. 25 2.92 11.72 2.00 
S. and H. 353 41.21 11.70 2.52 
Total 857 100.00 11.30 2.34 
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It must be emphasized that the analysis was merely equating the students 
of each college on the background variables used in the distribution. 
Hence J some of the AT and final grade differences could perhaps be justi­
fied by some other variables (such as student motivation) that were not 
considered. 
The data in Table 3 were the relationships between student success 
based on the influence of laboratory. On interpretation, the students who 
were enrolled in Biology lOlA (laboratory for majors) achieved better in 
AT and the final grade than the students who were enrolled in Biology 102 
(laboratory for non-majors). Again, however, this table cannot be used to 
indicate that the reason for the better achievement in Biology 101 was con­
tributed to a particular background variable. It could well be that anoth­
er variable (or variables) played an equally great, or greater, part in the 
determination of success in Biology 101. 
Table 3. Distribution of means of AT and final grade grouped by laboratory 
for the sample of freshmen students enrolled in Biology 101 
AT GRADE 
Laboratory Number of Percent Mean Mean 
section students score score 
No lab 298 34.77 10.89 2.16 
Biology 10lA 380 44.34 11.78 2.50 
Biology 102 179 20.89 11.02 2.32 
Total 857 100.00 11.30 2.34 
Table 4 reported the findings of the mean of AT and final grade 
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related to high school chemistry background. Notation was made that stu­
dents with high school chemistry background achieved better on the AT and 
final grade scores. This was expected since many of these students lacked 
adequate chemistry backgrounds as indicated by Table 4. The importance of 
chemistry to biology has been stressed more in college biology courses. 
It is important to note that the investigation involved only the student's 
high school backgrounds. Also, other variables (such as college chemistry) 
were not considered. 
Table 4. Distribution of means of AT and final grade grouped by h.s«. chem­
istry for the sample of freshmen students enrolled in Biology 101 
AT GRADE 
h.s. Number of Percent Mean Mean 
chemistry students score score 
Chem 736 84.71 11.47 2.41 
NC 121 15.29 10.32 1.94 
Total 857 100.00 11.30 2.34 
Table 5 represented the findings of mean of AT and final grade 
scores related to sex of the the students in Biology 101. First reaction 
would be in favor of the males because of interest and motivation but the 
table did not indicate this result. Only very slight differences were made 
in AT and final grade scores in the males' and the females' scores. 
Table 6 reported the distribution of AT scores by high school biolo­
gy versions. Inspection revealed BSCS YV with a slightly higher mean. The 
BSCS YV again was higher in the proportion of students in the upper (15-20) 
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range of scores but these were preliminary tables and not conclusive in 
analyzing the data. 
The data in Table 7 indicated the distribution of final grades by 
high school biology versions. Interpretation of the tables revealed a very 
high percentage of A's for the BSCS YV students. It was interesting to 
notice the proportion of BSCS (BV, GV, YV) students who made A's - 44. In 
comparison, note the other groups combined who made A's - 56. 
The data in Table 8 indicated the distribution of AT scores divided 
by the four colleges involved in the sample of Biology 101 students. The 
Sciences and Humanities students placed 17.7 percent in the 15-20 range 
with Agriculture at 12.8 percent. Home Economics did get into the 20 per­
cent bracket in the same range but the number in this college was small. 
Again, final results must wait final analysis. 
Table 5. Distribution of means of AT and final grade grouped by sex for 
the sample of freshmen students enrolled in Biology 101 
Sex of 
student 
Number of 
students 
Percent 
AT 
Mean 
score 
GRADE 
Mean 
score 
Male 524 61.02 11.40 2.35 
Female 333 38.98 11.17 2.34 
Total 857 100.00 11.30 2.34 
In Table 9, the distribution of final grade scores was divided by 
the four colleges. It should be noted that the Sciences and Humanities 
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Table 6. Distribution of AT scores by h.s. biology versions for sample of 
students in Biology 101 
Number of students AT 
Versions 1-5 5-10 10-15 15-20 Total Mean 
score 
BV 3 23 55 13 94 11.16 
GV 3 11 50 12 76 11.67 
YV 1 26 95 31 153 12.00 
Brown 4 73 169 26 272 11.06 
OB 3 53 140 31 227 11.12 
NB 2 8 19 6 35 11.30 
Total 16 194 528 119 857 11.30 
Percent 1.93 22.44 61.78 13.85 100.00 
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Table 7. Distribution of final grades by h.s. biology versions for the 
sample of students in Biology 101 
Number of students GRADE 
Versions A B C D F Total Mean 
score 
BV 13 31 43 6 1 94 2.52 
GV 9 22 31 10 4 76 2.29 
YV 22 46 68 15 2 153 2.46 
Brown 29 67 139 30 7 272 2.30 
OB 22 61 108 27 9 227 2.26 
NB 5 9 14 6 1 35 2.31 
Total 100 236 403 94 24 857 2.34 
Percent 11.69 27.53 47.03 10.96 2.81 100.00 
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Table 8. Distribution of AT scores by college of matriculation for the 
sample of students in Biology 101 
Number of students AT 
College 1-5 5-10 10-15 15-20 Total Mean 
score 
Agric. 7 84 220 46 357 11.20 
Educ. 2 39 76 5 122 10.41 
H. E. 0 6 14 5 25 11.72 
S . and H. 7 65 218 63 353 11.70 
Total 16 194 528 119 857 11.30 
Table 9. Distribution 
the sample of 
of final grade scores by 
students in Biology 101 
college matriculation for 
Number of students GRADE 
College A B C D F Total Mean 
score 
Agric. 31 97 172 47 10 357 2.26 
Ed. 5 30 70 12 5 122 2.15 
H. E. 1 6 11 6 1 25 2.00 
S. and H. 63 103 150 29 8 353 2.52 
Total 100 236 403 94 24 857 2.34 
had the highest mean final grade score of 2.52 grade point. Forty-eight 
percent of these students made a 3,00 grade point or better with 17.8 per­
cent of the Sciences and Humanities' students being in the 4.00 grade point 
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range. The College of Agriculture had 35.8 percent of its students making 
a grade point of 3,00. Many factors may contribute to these variables 
such as interest and other background. 
In Table 10, the distribution of the AT scores was divided by the 
three laboratory groups. Biology 10lA was the laboratory required for all 
the biological science majors (Chapter IV). Biology 102 was the laboratory 
taken by the non-majors. The Biology 10lA laboratory seemed to have an ad­
vantage on the AT scores with a mean of 11.78; the average over-all mean 
was 11.30 and the other two groups were considerably smaller than the over­
all mean. It was noted that 82 percent of the Biology 10lA group made 10 
or above with 17.1 percent being in the upper range of 15-20 scores. Like­
wise, the Biology 102 group placed 12.8 percent in the 15-20 range with the 
no laboratory group having 10.4 percent in that range. 
In Table 11, the distribution of final grades was divided by differ­
ent laboratory groups found in the sample of Biology 101 students. The Bi­
ology lOlA groups had a higher percentage with 3.00 grade point. The Biol­
ogy 102 students placed 36.2 percent of their groups with 3.00 grade point 
or better with 11.1 percent making a 4.00 grade point. The group that did 
not take the laboratory seemed to have the biggest disadvantage with 29.8 
percent making in the 4.00 grade point. Biology lOlA and Biology 102 seem­
ed to contribute to the success of achievement in Biology 101. 
The data in Table 12 presented the distribution of AT scores for the 
two high school chemistry groups found in the sample of Biology 101 stu­
dents. The mean score of 11.47 for the group that took high school chemis­
try was up quite a bit above the no high school chemistry group with a mean 
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score of 10.32. Observation of the table indicated 15.00 percent of the 
high school group that took chemistry scored in the range of 15-20 while 
only 7.4 percent of the non-high school chemistry scored in the same range. 
It was interesting to compare Table 4 and Table 12 to note that 15.29 per­
cent of all the students did not take high school chemistry. The point 
being, high school chemistry was an elective subject and not required for 
graduation. This seemed to be a very small amount of students that chose 
not to take high school chemistry. When it was considered that Iowa State 
normally accepted only students in the upper 50 percent of their high 
school class, the quality of the students was an important factor. 
Table 10. Distribution of AT scores by laboratory groups for the sample 
of students in Biology 101 
Number of students AT 
Laboratory 1-5 5-10 10-15 15-20 Total Mean 
score 
No lab 5 82 180 31 298 10.89 
Biol. lOlA 4 64 247 65 380 11.78 
Biol. 102 7 48 101 23 179 11.02 
Total 16 194 528 119 857 11.30 
In Table 13, the distribution of final grade scores by high school 
chemistry groups in the sample indicated the relationship of high school 
chemistry seemed to be important in that 43.3 percent of the students made 
a 3.00 grade point in their final grade or better. Notably, 12.6 percent 
of the high school chemistry students made 4.00 grade point with only 5.6 
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Table 11. Distribution of final grade by laboratory groups for the sample 
of students in Biology 101 
Number of students 
Laboratory A B CDF Total Mean 
score 
No lab 19 70 157 43 9 298 2.16 
Biol. 10lA 61 121 155 32 11 380 2.50 
Biol. 102 20 45 91 19 4 179 2.32 
Total 100 236 403 94 24 857 2.34 
Table 12. Distribution of AT scores by h.s. chemistry groups for the sam­
ple of students in Biology 101 
Number of students AT 
Chemistry 1-5 5-10 10-15 15-20 Total Mean 
score 
Chem 14 148 464 110 736 11.47 
NC 2 46 64 9 121 10.32 
Total 16 194 528 119 857 11.30 
percent of non-high school chemistry students making a 4.00 grade point'as 
a final grade. This was not surprising with the emphasis that was placed 
on the relationship of chemistry to biology in high school as well as col­
lege biology courses. 
In Table 14, the distribution of AT scores was for the two sex 
groups for the sample found in Biology 101. At first appearance, there was 
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Table 13. Distribution of final grade scores by h.s. chemistry groups for 
the sample of students in Biology 101 
Number of students GRADE 
Chemistry A B C D F Total Mean 
score 
Chem. 93 218 338 71 16 736 2.41 
NC 7 18 65 23 8 121 1.94 
Total 100 236 403 94 24 857 2.34 
Table 14. Distribution of AT by sex of student groups for the sample of 
students in Biology 101. 
Number of students AT 
Sex 0-4 5-9 , 10-14 15-19 20 Total Mean 
score 
Male 12 110 323 79 0 524 11.40 
Female 4 84 205 40 0 333 11.17 
Total 16 194 525 119 0 857 11.30 
very little difference in achievement for the two sex groups. Again, 
tables of this sort do not relate the final analysis. 
In Table 15, the distribution of final grade scores was divided 
by the two sex groups found in Biology 101. These variables were very 
close in differences. In just looking at the table as it appeared, the 
investigator could not account for any differences of consequence with­
out further analysis. 
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Table 15. Distribution of final grade by sex of student groups for the 
sample of students in Biology 101 
Sex of Number of students GRADE 
students A B C D F Total Mean 
score 
Male 63 141 247 60 13 524 2.35 
Female 37 95 156 34 11 333 2.34 
Total 100 236 403 94 24 857 2.34 
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The over-all mean for AT and final grade scores was 11.30 and 2.34, 
respectively. It must be kept in mind that all previous means were gross 
means and not adjusted for bias of MSAT and MATH. The means of this sort 
were not a positive indication of differences. It does not include the 
influences contributed from high school backgrounds plus the influences 
of other variables. The adjusted means were obtained by averaging the b's 
for each treatment group, then adding the actual b's to the average b's 
and, in turn, adding this sum to the over-all mean. 
b. + b. = b 
1 1 
b, + b. = b. + over-all mean for each variable 
1 1 1  
b^ = coefficient of mean deviation 
The new adjusted means were included in the balance of this chapter 
for the analysis of the data. Each of the means in the following tables 
were adjusted for bias. 
Analysis of Biology 101 Data 
The primary reason for this investigation was to determine the in­
fluence of high school background variables on achievement in Biology 101 
at Iowa State University. Exploratory investigations were made for main 
effects and significant interactions. The complete analysis of covariance 
equation was presented to the IBM.360-65 computer at Iowa State. The com­
plete equation was computed; then a screening process was performed on 
each set of variables by eliminating one set of variables at a time in 
sequence until all the variables had been checked for significance in their 
contribution to the equation. 
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The structure of analysis of covariance permitted hypotheses to be 
tested to determine if the mean AT and final grade scores differed between 
levels with each of the five main effects and the corresponding first or­
der interactions. The F-ratios of main effects and all first order inter­
actions mean square were tested for significance at the 0.05 level. The 
basic assumption in this analysis was that all higher interactions above 
the first order were equal to zero and thus nonexistent. 
For each significant F-value found for main effects and selected 
interactions of AT and final grade, a multiple comparison investigation 
among effect means was performed on all possible comparisons using least 
significant difference (LSD) tests. If the F-value for an effect was not 
significant, the evidence was against rejecting the null hypothesis and 
specific comparisons among levels were not made. 
The procedure used was of the form: 
Xi - Xj 
ISD = 
(0.05) 
- Xj = difference between adjusted means 
s^ = residual means square 
n^ = number of observations in the i^^ group 
n^ = number of observations in the j^^ group 
Because of the unbalanced factorial structure of the analysis and the in­
clusion of the covariates, this procedure is essentially an approximation. 
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However, the results obtained were consistent with the overall analyses 
of covariance and were reasonable in light of the adjusted differences. 
The analysis of the Achievement Test designed for Biology 101 included 
the five main effects (high school biology versions, colleges, laboratory, 
high school chemistry, sex of students) and college by chemistry inter­
action. The analysis of final grades contained the five main effects, 
biology by laboratory interaction, and chemistry by sex interaction. 
Achievement Tests 
The computed F-values in Table 16 were obtained by dividing mean 
square for error into mean square for residual. A significant value of F 
indicated that the means are not equal and the differences between them are 
great enough that they are not estimates of a common population mean. 
Biology Versions Biology versions were significant factors in 
the results of AT means scores. The computed F-va lue of 3.00 with five de­
grees of freedom, as found in Table 16, was significant at the five percent 
level. Table 17 recorded the true estimates of the means for treatment of 
each high school biology version adjusted for bias of MSAT and MàTH. The 
reader must keep in mind previous means in this chapter were not adjusted 
for bias but simply gross means for the sample. BSCS YV depicted an AT 
score of 11.95 which was considerably more than NB with 10.82 and BSCS BV 
with a mean of 11.01. 
Using the multiple comparison method, IgD, all possible comparisons 
of the six means were calculated. The data in Table 18 indicated the re­
sults of the comparisons. Three significant differences were found in the 
analysis of the table. YV vs Brown and YV vs NB were significant at the 
75 
Table 16, Analysis of covariance on AT scores for the sample of stu­
dents in Biology 101 
Residuals 
Source of variation Degrees of Sum of Mean F-value 
freedom squares square 
Biology versions 5 103 .83 20 .77 3 .00* 
Colleges 3 38 .00 12 .67 1 .85 
Laboratory 2 57 .45 28 .73 4, .21* 
Chemistry 1 59, .51 59, .51 8. 69** 
Sex 1 6. 87 6. ,87 1. ,00 
College X Chem* 3 61. 15 21. 38 3. 18* 
Error 839 5749. 49 6. 85 
Total 854 7227. 06^ 
^Only significant interactions were presented. 
^Since effects are not orthogonal, sums of squares are not addi­
tive. 
* 
Values significant at or beyond the five percent level. 
** 
Values highly significant at or beyond the one percent level. 
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Table 17. Adjusted means of AT scores by h.s. biology versions for the 
sample of students in Biology 101 
Versions Student Adjusted^ 
number means 
BSCS BV 94 11.01 
BSCS GV 76 11.66 
BSCS YV 153 11.95 
Brown 272 11.08 
OB 227 11.27 
NB 35 10.82 
Total 857 
^The over-all mean of AT scores was 11.30. 
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Table 18. Multiple comparison I5D on AT by h.s. biology versions for the 
sample of students in Biology 101 
Comparisons t-value Comparisons t-value 
BV vs GV = 1.45 GV vs NB = 1.58 
BV vs YV = 3.18** YV vs Brown 3.3 ** 
BV vs Brown = <1 YV vs OB = 1.76 
BV vs OB = <1 YV vs NB = 2.3 * 
BV vs NB = <1 OB vs Brown = <1 
GV vs YV = <1 NB vs Brown = <1 
GV vs Brown = <1 OB vs NB = <1 
GV vs OB <1 OB vs NB <1 
Values significant at or beyond the five percent level. 
Values highly significant at or beyond the one percent level. 
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five percent level and YV vs BV was highly significant at the one percent 
leve1. 
Colleges The computed F-value of 1.85 with three degrees of 
freedom calculated from data in Table 16 was found to be nonsignificant for 
the colleges at the five percent level. In examining the means in Table 19 
for the four colleges listed, it appeared the College of Agriculture with a 
mean of 12.22 would be different than Home Economics with 10.75. But, in 
reading Steel and Torrie, it was stated, "If the F-value for treatments is 
not significant, the evidence is against rejecting the null hypothesis and 
specific treatment comparisons should not usually be made," (40, p. 106). 
Table 19. Adjusted means of AT by college for the sample of students in 
Biology 101 
Colleges Student Adjusted^ 
number means 
Agric. 357 12.22 
Educ. 122 11.41 
H. E. 25 10.75 
S. and H. 218 10.83 
Total 857 
^The over-all mean of AT scores adjusted was 11.30, 
Consequently, no further investigation was computed using AT scores for 
colleges. 
Laboratory The three classifications for laboratory were : no 
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laboratory. Biology lOlA. laboratory, and Biology 102. The data in Table 16 
indicated that the computed F-value of 4.21 was significant at the five per­
cent level with three degrees of freedom. The data were presented in Table 
20 concerning the adjusted means with Biology 10lA having the higher mean 
of 11.69, no laboratory with a mean of 11.20, and Biology 102 with a mean 
of 11.02 which gives evidence that the Biology 10lA student had the advan­
tage. 
The data in Table 21 reported the findings for multiple comparisons 
using least significant difference (LSD) methods. The findings were high­
ly significant at one percent level with a computed t-value of 3.04 for 
Biology lOlA vs Biology 102, a computed t-value which was significant at 
the five percent level with 2.42 for Biology 10lA vs no laboratory, and 
nonsignificant for no laboratory vs Biology 102 with a t-value of less 
than one. 
Table 20. Adjusted means of AT by laboratory for the sample of students 
in Biology 101 
Laboratory Student 
number 
Adjusted 
means 
a 
No laboratory 298 11.20 
Biology 10lA 380 11.69 
Biology 102 179 11.02 
Total 857 
^The over-all mean of AT scores was 11.30. 
80 
Table 21. Multiple comparison I5D for AT by laboratory groups for the sam­
ple of students in Biology 101 
Comparis ons t-value 
Biology lOlA. vs Biology 102 = 3.04** 
Biology 10LA. vs No laboratory = 2.42* 
No laboratory vs Biology 102 = <1. 
*Values significant at or beyond the five percent level. 
**Values highly significant at or beyond the one percent level. 
Table 22. Adjusted means for AT by the two h.s. chemistry groups for the 
sample of students in Biology 101 
Chemistry Number of Adjusted^ 
students means 
Chem 736 11.94 
NC 121 10.66 
Total 857 
^The over-all mean of AT scores was 11.30. 
Chemistry The two classifications of high school chemistry were: 
the students that took high school chemistry or did not take high school 
chemistry. The data in Table 16 revealed the computed F-value of 8.69 
that was highly significant at the onç percent level with one degree of 
freedom. Students who had high school chemistry seemed to have the ad­
vantage over those who did not take high school chemistry. The data in 
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Table 22 illustrated the adjusted means for the high school chemistry 
groups found in the sample of Biology 101 students. 
Sex The two sex groups were not significant in Table 16 for AT 
scores. The computed F-value for sex groups was 1.00; however, the data 
reported in Table 23 indicated some variance in the mean attitude scores 
but these differences were very small and did not justify further consider­
ation. 
College by chemistry interaction College by high school chemis­
try interaction was tested using the residual for all main effects plus 
college by high school chemistry interaction as found in Table 16. The 
computed F-value of 3.18 with three degrees of freedom was significant at 
the five percent level. A significant first-order interaction of college 
by chemistry was interpreted to mean that the effect of college was not 
the same for the different levels of chemistry; that is, they differed 
significantly. 
The mean college scores for the four colleges and two chemistry 
groups were presented in Table 24 to better demonstrate the significant in­
teraction between these two factors. If there were no interactions be­
tween college and chemistry, then the differences in the means chemistry, 
no chemistry, would be the same for all college groups. 
Final grades 
The computations for the multiple linear regression analysis were 
based on the final given to each of the 857 students relative to the sam­
ple in Biology 101. 
Biology Versions As indicated by Table 25, the computed F-value 
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Table 23. Adjusted 
students 
means for AT by the two sex groups 
in Biology 101 
in the sample of 
Sex of 
students 
Number of 
students 
Adjusted^ 
means 
Male 524 11.43 
Female 333 11.17 
Total 857 
^The over-all mean of AT scores was 11.30. 
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Table 24. Adjusted means for the college by chemistry interactions for 
the sample of students in Biology 101 
College h.s. chemistry^ 
mean 
No h.s. chemistry 
mean 
Agric. 11.26 13.18 
Educ. 10.93 11.89 
H. E. 12.81 8.69 
S. and H. 11.73 9.63 
^The over-all mean of AT scores was 11.30. 
of 2.74 for high school biology versions was significant at the five per­
cent level. The adjusted means for high school biology versions were in 
Table 26. The OB version was significantly higher than several of the oth­
er versions. Consequently, it would seem to indicate the better students 
used OB version biology. 
The data in Table 27 were the findings for multiple comparisons us­
ing I£D. OB and BSCS YV comparisons were highly significant at the one per­
cent level. BSCS GV was significant at the five percent level. The evi­
dence indicated that these were significantly different from the population. 
The various other versions indicated no evidence that the means were any 
different. 
College The mean square value of college was ,6844 with a com­
puted F-value of 1.19 with three degrees of freedom, which proved to be 
nonsignificant at the five percent level. Although the F-value was non­
significant in accordance with the data in Table 25, there was evidence 
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Table 25 • Analysis 
dents in 
of covariance of final grade for 
Biology 101 
the sample of stu-
Residuals 
Source of variation Degrees ot 
freedom 
Sums ot 
squares 
Mean 
square 
F-value 
Biology versions 5 7.904929 1.5898 2.74* 
College 3 2.05364 .6845 1.19 
Laboratory 2 1.809521 .9047 1.57 
Chemistry 1 7.3885 7.3885 12.79** 
Sex 1 4.363395 4.3633 7.55** 
Biology X Laboratory ^ 10 12.524626 1.2524 2.17* 
Chemistry x Sex 1 5.188094 5.188094 8.98** 
Error 831 479.964739 .577574 
Total 854 725.14119^. 
^Only significant interactions were presented. 
^Since effects are not orthogonal, sums of squares are not additive. 
Values significant at or beyond the five percent level. 
Values highly significant at or beyond the one percent level. 
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Table 26. Adjusted means for final grade by h.s. biology versions for 
the sample of students in Biology 101 
Biology texts Number of Adjusted^ 
students means 
BSCS BV 94 2.27 
BSCS GV 76 2.33 
BSCS YV 153 2.43 
Brown 272 2.15 
OB 227 2.67 
NB 35 2.20 
Total 857 
^The over-all mean of final grade was 2.34. 
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Table 27. Multiple comparisons LSD on final grade by h.s. biology version 
for the sample of students in Biology 101 
Comparisons t-values Comparisons t-values 
BSCS BV vs BSCS GV = <1 BSCS GV vs NB 6 <1 
BSCS BV vs BSCS YV = <1 BSCS YV vs BROWN 4.00** 
BSCS BV vs BROWN = <1 BSCS YV vs OB 3.00** 
BSCS BV vs OB 3.76** BSCS YV vs NB 1.00 
BSCS BV vs NB <1 BRCWN vs OB 8.65** 
BSCS GV vs BROWN 2.00* BROWN vs NB <1 
BSCS GV vs OB = 3.77** OB vs NB 3.44** 
BSCS GV vs BSCS YV = <1 
Values significant at or beyond the five percent level. 
Values highly significant at or beyond the one percent level. 
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a difference in the mean scores of the four colleges found in Table 28 did 
exist. The lowest mean was Home Economics with 2.22 grade point. The 
highest mean was 2.43 grade point for Sciences and Humanities. Education 
was third with a 2,39 grade point. 
Laboratory The variable of laboratory had a computed F-value of 
1.56 with two degrees of freedom and was nonsignificant at the five per­
cent level. The means for the three laboratory groups as presented in Ta­
ble 29 were: students that did not take a lab 2.13; students that took 
Biology 10lA laboratory for majors 2.63; and, students that took Biology 
102 laboratory for non-majors 2.25. In comparing the differences. Biolo­
gy 10lA had a distinct advantage. 
Chemistry In Table 25, the computed F-value of 12.79 for high 
school chemistry was listed with one degree of freedom and was highly sig­
nificant at the one percent level. There were considerable differences in 
the means of the students that took high school chemistry and those that 
did not take high school chemistry as illustrated in Table 30. The in­
fluence of the high school chemistry background seemed to be a contribut­
ing factor to achievement in Biology 101 at Iowa State University. 
Sex The computed F-value of 7.55 with one degree of freedom 
was highly significant at the one percent level. An examination of the 
data found in Table 3.1 indicated that the mean for males was 2.55 and for 
females 2.13. 
Biology by laboratory interaction The main effect for high 
school biology version was a significant factor but main effect for labor­
atory was nonsignificant in the relationship with the regression equation. 
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Table 28. Adjusted means for final grade by college for the sample of 
students in Biology 101 
Colleges Number of 
students 
Adjusted* 
means 
Agriculture 357 2.32 
Education 122 2.39 
Home Economics 25 2.22 
Science & Humanities 218 2.43 
Total 857 
^The over-all mean of final grade was 2.34. 
Table 29. Adjusted means for final grade by laboratory for the sample of 
students in Biology 101 
Laboratory Number of 
students 
Adjusted® 
means 
No laboratory 298 2.13 
Biology 10 lA 380 2.63 
Biology 102 179 2.25 
^The over-all mean of final grade was 2.34. 
89 
Table 30. Adjusted means for final grade by chemistry for the sample of 
students in Biology 101 
Chemistry Number of Adjusted^ 
students means 
Chem 736 2.53 
NC 121 2.15 
Total 857 
^The over-all mean of final grade was 2.34. 
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Interpretation of Table 25 revealed the computed F-value of 2.17 was sig­
nificant at the five percent level with ten degrees of freedom. However, 
as presented in Table 32 several fluctuations were noted in the various 
cells. In noting the grade point for the laboratory for majors (Biology 
lOlA), these students seemed to have an advantage when compared by each 
version. Three of the cells had a mean grade point of 3.23, 3.06, and 2.74, 
These cells were GV by majors, YV by majors, and OB by no lab, respectively. 
The decision was made not to consider multiple comparisons test with inter­
actions because of the many possible combinations. 
Chemistry by sex interaction The main effects for the two chem­
istry groups and the two sex groups were both significant at the one per-
Table 31. Adjusted means for final grade by sex of students for the sam­
ple of students in Biology 101 
Sex of Number of Adjusted^ 
student students means 
male 524 2.55 
female 333 2.13 
Total 857 
^The over-all mean of final grade was 2.34. 
cent level. In turn, the first order interaction was significant at the 
one percent level. As found in Table 33 , the females who had no chemis­
try were the lowest with a mean of 2.05 grade point. The evidence indi­
cated the two variables were interdependent. 
91 
Table 32. Adjusted means for 
sample of students 
Biology by laboratory interaction for the 
in Biology 101 
No Lab 
mean 
Biology lOlA 
mean 
Biology 102 
mean 
BSCS BV 2.63 2.72 •• 1.90 
BSCS GV 2.63 3.23 1.96 
BSCS YV 2.16 3.06 2.05 
Brown 2.20 2,50 1.79 
OB 2.74 2.69 2.30 
NB 1.71 2.20 1.83 
^The over-all mean of final grade was 2.34. 
Table 33. Adjusted^ means for chemistry by sex interaction for the 
sample of students in Biology 101 
Chemistry male female 
mean mean 
Chem: 2.40 2.43 
NC 2.47 2.05 
^The over-all mean of final grade was 2.34. 
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The data in Table 34 indicated all the possible comparisons with 
LSD to perform the analysis. The females with no high school chemistry 
were significantly different to the males that did not take high school 
chemistry at the five percent level. The females with high school chem­
istry achieved significantly greater than females without high school chem­
istry at the five percent level. There were highly significant differences 
in the males with high school chemistry compared to the females without 
high school chemistry at the one percent level. 
Table 34. Multiple comparisons ISD on final grade for chemistry by sex 
interaction for the sample of students in Biology 101 
Comparisons t-values 
males chem vs males NC = <1 
males chem vs females chem = <1 
males chem vs females 3.54** 
females chem vs males NC <1 
females NC vs males NC 2.32* 
females chem vs females NC 2.11* 
Values significant at or beyond the five percent level. 
Values highly significant at or beyond the one percent level. 
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Tests of Hypotheses 
The fifteen null hypotheses as listed in Chapter I were tested by 
utilizing the analysis of covariance model. In order to test for signifi­
cance, all five main effects (high school biology versions, college, lab­
oratory, high school chemistry, sex, and significant interactions) were 
included in the basic model. Next, one factor was dropped from the model 
and the reduced model computed. The difference in sum of squares due to 
regression in the two models was attributed to the dropped factor which was 
then tested for significance. The computed F-value was required to equal 
or exceed the five percent level. 
Achievement was defined by two measures: (1) the scores as record­
ed on the Achievement Test designed for Biology 101, and (2) final grades 
received in Biology 101 at Iowa State. Both of the achievement measures 
were used as the criteria variables for the sample population. Consequent­
ly, the two models in Chapter IV were fitted to each particular criterion 
variable to be tested. The following hypotheses were listed and discussed 
respectively: 
Hypothesis 1: 
There were no significant differences among the means in the six 
different high school biology groups as measured by achievement 
scores in Biology 101. 
The null hypothesis for AT scores was rejected based on the com­
puted F-value of 3.00 which was significant at the five percent level as 
noted in Table 16. 
The null hypothesis for final grades was rejected based on the 
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computed F-value of 2.74 which was significant at the five percent lev­
el as noted in Table 25. 
Hypothesis 2; 
There were no significant differences among the means in the four 
different college groups as measured by achievement scores in Bi­
ology 101. 
There was insufficient evidence to reject the null hypothesis for 
AT scores listed in Table 16 by the four colleges. The computed F-value 
was not significant at 1.85. 
There was insufficient evidence to reject the null hypothesis for 
final grades. The computed F-value was not significant at 1.19. 
Hypothesis 3; 
There were no significant differences among the means in the three 
different laboratory groups as measured by achievement scores in 
Biology 101. 
The null hypothesis for AT scores by laboratory was rejected based 
on the computed F-value of 4.21 which was significant at the five percent 
level as noted in Table 16. 
There was insufficient evidence to reject the null hypothesis for 
final grades. The computed F-valuè of 1.57 was not significant at the 
five percent level as noted in Table 26. 
Hypothesis 4: 
There were no significant differences among the means in the two 
high school chemistry groups as measured by achievement scores in 
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Biology 101. 
The null hypothesis for AT scores was rejected based on the com­
puted F-value of 8.64 which was highly significant at the one percent level 
as noted in Table 16. 
The null hypothesis for final grades was rejected based on the com­
puted F-value of 12.79 which was highly significant at the one percent lev­
el as noted in Table 25. 
Hypothesis 5; 
There were no significant differences among the means in the two 
sex groups as measured by achievement scores in Biology 101. 
There was insufficient evidence to reject the null hypothesis for 
AT scores. The computed F-value of 1.00 was not significant. 
The null hypothesis for final grades was rejected based on the com­
puted F-value of 7.55 which was highly significant at the one percent level 
as noted in Table 25. 
Hypothesis 6; 
There were no significant interactions among the means of the six 
different high school biology groups and the means of the four 
college groups in achievement in Biology 101. 
There was insufficient evidence to reject the null hypothesis for 
AT scores. The computed F-value was less than one. 
There was insufficient evidence to reject the null hypothesis for 
final grades. The computed F-value was not significant. 
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Hypothesis 7: 
There were no significant interactions among the means of the six 
different high school biology groups and the means of the three 
laboratory groups in achievement in Biology 101. 
There was insufficient evidence to reject the null hypothesis for 
AT scores. The computed F-value was not significant. 
The null hypothesis for final grades was rejected based on the 
computed F-value of 2.17 which was significant at the five percent level 
as noted in Table 25. 
Hypothesis 8: 
There were no significant interactions among the means of the six 
different high school biology groups and the means of the two high 
school chemistry groups in achievement in Biology 101. 
There was insufficient evidence to reject the null hypothesis for 
AT scores. The computed F-value was less than one. 
There was insufficient evidence to reject the null hypothesis for 
final grades. The computed F-value was less than one. 
Hypothesis 9: 
' There were no significant interactions among the means of the six 
different high school biology groups and the means of the two sex 
groups in achievement in Biology 101. 
There was insufficient evidence to reject the null hypothesis for 
AT scores. The computed F-value was less than one. 
There was insufficient evidence to reject the null hypothesis for 
final grades. The computed F-value was less than one. 
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Hypothesis 10; 
There were no significant interactions among the means of the four 
college groups and the means of the three laboratory groups in 
achievement in Biology 101. 
There was insufficient evidence to reject the null hypothesis for 
AT scores. The computed F-value was not significant. 
There was insufficient evidence to reject the null hypothesis for 
final grades. The computed F-value was not significant. 
Hypothesis 11: 
There were no significant interactions among the means of the four 
college groups and the means of the two high school chemistry groups 
in achievement in Biology 101. 
The null hypothesis for AT scores was rejected based on the com­
puted F-value of 3.18 which was significant at the five percent level as 
noted in Table 16. 
There was insufficient evidence to reject the null hypothesis for 
final grades. The computed F-value was less than one. 
Hypothesis 12; 
There were no significant interactions among the means of the four 
college groups and the means of the two sex groups in achievement 
in Biology 101. 
There was insufficient evidence to reject the null hypothesis for 
AT scores. The computed F-value was less than one. 
There was insufficient evidence to reject the null hypothesis for 
final grades. The computed F-value was less than one. 
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Hypothesis 13; 
There were no significant interactions among the means of the three 
laboratory groups and the means of the two high school chemistry 
groups in achievement in Biology 101. 
There was insufficient evidence to reject the null hypothesis for 
AT scores. The computed F-value was not significant. 
There was insufficient evidence to reject the null hypothesis for 
final grades. The computed F-value was not significant. 
Hypothesis 14; 
There were no significant interactions among the means of the three 
laboratory groups and the means of the two sex groups in achievement 
in Biology 101. 
There was insufficient evidence to reject the null hypothesis for 
AT scores. The computed F-value was less than one. 
There was insufficient evidence to reject the null hypothesis for 
final grades. The computed F-value was not significant. 
Hypothesis 15; 
There were no significant Interactions among the means of the two 
high school chemistry groups and the means of the two sex groups 
In achievement In Biology 101. 
There was Insufficient evidence to reject the null hypothesis for 
AT scores. The computed. F-value was not significant. 
The null hypothesis for final grades was rejected based on the com­
puted F-value of 8.98 which was highly significant at the one percent lev­
el as noted In Table 25. 
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CHAPTER VI. DISCUSSION 
In conducting this study, it was the goal of the investigator to 
identify the relationships between six selected factors: (1) six high 
school biology programs, (2) four colleges of matriculation, (3) three 
college laboratories, (4) two high school chemistry programs, (5) sex of 
students, and (6) all first order interactions to student achievement in 
Biology 101 at Iowa State University. The study was designed to investi­
gate the following questions: 
Question 1: What were the previous high school biology programs 
in which each student participated? 
Question 2: What were the previous high school chemistry programs 
in which each student participated? 
Question 3: What were the effects of the previous programs on 
achievement of the students in Biology 101? 
The data collected from the questionnaire indicated the Brown ver­
sion was the program which students most frequently participated. Two hun­
dred and seventy-two students had taken the Brown version. The OB ranked 
second with two hundred and twenty-seven students. The BSCS YV was the 
third ranking with one hundred fifty-three students. The BSCS BV was the 
fourth with ninety-four students. Seventy-six students had BSCS GV which 
was in fifth place. The high school groups with the fewest students was 
NB;: Only thirty-five students reported no high school biology. 
The investigation further revealed that seven hundred and thirty-
six students took high school chemistry and one hundred twenty-one did not 
take high school chemistry. 
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In recapitulation, two dependent variables were used in the investi­
gation. It was of interest to contrast the results of the two criteria 
variables. 
The AT was constructed from items used for students to test-out of 
Biology 101. The students that achieved best were students that had parti­
cipated in BSCS YV program. The mean for BSCS YV was 11.95. This score 
was after the students had a quarter of college biology. Evidence was 
strong that it would be very difficult for a student to test-out of Biolo­
gy 101 before having had the course. In comparison with final grades, stu­
dents with OB achieved significantly better. In contrast with final grades, 
the students that participated in the OB versions achieved significantly 
better. The students with BSCS YV were next in achievement, and the BSCS 
GV students were third. The investigation indicated that it was better 
for a student to have had a BSCS YV background to test-out of Biology 101. 
But, if the student stayed for a full quarter, it was better to have had 
OB version. In essence, the two achievement criteria were measuring two 
different areas. In the original correlation criteria between AT and fi­
nal grade, the results were not as high as desired.with .4351 (Appendix B). 
There were no group differences that were significant with AT and 
final grades when comparing the colleges. The AT adjusted means in Table 
19 indicated differences, but they were not significant when tested as one 
of the main effects. The range for final grades in Table 29 was small 
the lowest 2,22 for Home Economics and the highest 2,43 for Sciences and 
Humanities. 
The laboratory was significant in contribution to AT but not signif­
icant with final grade. The AT multiple comparison results were highly 
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significant at the one percent level for Biology 10lA vs Biology 102. Bi­
ology 10lA vs no lab was significant at the five percent level. The evi­
dence indicated that laboratory for majors (Biology lOlA) was a signifi­
cant advantage to the students when taking the AT. 
Chemistry was highly significant at the one percent level for both 
AT and final grade. Chemistry being a factor was expected. The knowledge 
in recent years about important chemical pathways, made high school chemis­
try a necessity for greater achievement in Biology 101 at Iowa State. 
Sex was not a significant factor for AT but, as reflected by final 
grades, the males were significantly different at the one percent level as 
compared to the females. The evidence indicated the females were at a 
distinct disadvantage in final grades. 
The interaction results were quite different in that there were no 
significant overlapping interactions for AT and final grade. Each achieve­
ment criterion indicated significant interactions in different areas. 
The only significant interaction for AT was college by chemistry. 
Interpreting the adjusted means in Table 24, the College of Agriculture 
with no high school chemistry did better with a mean of 13.18. The Col­
lege of Home Economics with high school chemistry had a high mean of 12.81 
and a low mean of 8.69 for no high school chemistry. The students in 
Sciences and Humanities with high school chemistry had a mean of 11.73 and 
those without high school chemistry had a mean of 9.63. The evidence in­
dicated the influence of high school chemistry or no high school chemistry 
depended upon the college in which the students were enrolled. These 
factors seemed to be interdependent. These fluctuations could have pos­
sibly been caused by different interests and different backgrounds of the 
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agriculture students. College chemistry was not one of the factors 
being considered for this study, but it might have been an unknown con­
tributor to student achievement in Biology 101. 
Biology by laboratory interaction was significant at the five per­
cent level for final grade. As previously discussed, a significant first-
order interaction between biology and laboratory indicated that the differ­
ences between the six high school biology versions were significant for the 
three laboratory groups or these factors were interdependent. The range 
of eighteen mean scores had a low of 1.71 grade point for NB with no lab­
oratory to a high of 3.23 grade point for BSCS 6V with Biology 10lA (lab 
for majors). Inspection of the data in Table 32 indicated another large 
grade point of 3.06 for the OB students in the majors laboratory. 
Evidence indicated that the Biology lOlA group had a perceptible advant­
age for greater achievement in Biology 101. The laboratory alone as a 
main effect was not significant, but again, the Biology 10lA group had a 
much larger grade point with a 2.63 which indicated a difference in gain. 
The means of the Biology 102 group compared to the means of the no lab 
group seemed to indicate the laboratory for non-majors (Biology 102) did 
not contribute to student achievement in Biology 101. 
Chemistry by sex interaction was highly significant at the one per­
cent level with a computed F-value of 8.98. The main effects for chemistry 
and sex were both highly significant at the one percent level. The data in 
Table 33 indicated a low range of 2.05 grade point for females with no chem­
istry to a high of 2.47 for males with no chemistry. The means for the two 
chemistry groups and two sex groups were analyzed by the data in Table 34 
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for all possible multiple comparisons. It was concluded that females with­
out a high school chemistry background were at a significant disadvantage. 
The above results seemed to agree with Rozolis (35), Johnsten (25), 
and Tamir (41). Each reported significant findings in regard to students 
that did not have a high school chemistry background. 
Tamir found that students that were exposed to laboratory blocks 
(BSCS versions) in high school achieved significantly better in college 
biology at Cornell University. Similar results were found in this study 
for BSCS YV students with AT but the OB students achieved better for final 
grades. 
Recommendat ions 
On the basis of this study and the experimental techniques suggest­
ed in the literature, the following recommendations are made for the Bi­
ology 101 course at Iowa State University at Ames, Iowa. 
1. On the evidence presented in this investigation. Biology 101 
attained the purposes and goals as desired for the course 
(Chapter IV, p. 40). 
2. It is recommended that all the instructors and assistants as­
sociated with Biology 101 should be involved in the prepara­
tions of materials and coordination of the program. 
3. Several staff meetings should be held between the instructors 
and assistants involved in Biology 101 and 10lA for the pur­
poses of establishing common objectives. 
4. A follow-up program that would keep close account of those 
students in the majors program. 
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5. Biology lOlA., laboratory for majors, is a definite contribution 
to achievement and possible expansion should be considered. 
Recommendations for Further Research 
This investigation could be replicated in an attempt to validate 
the findings. However, the investigator believes the following changes in 
the investigation would make it more meaningful. 
1. A pre-test in addition to a post-test to be given at the 
start and finish of the quarter. 
2. It is recommended that further studies be conducted to deter­
mine the effects of other factors such as interests, attitudes, 
motivation, other high school background, and college character­
istics. 
It is recommended that this study be replicated at the community 
colleges, four-year colleges, and other state universities. 
Investigations should be conducted into the same type of program 
in which social studies and other science areas have an impact on college 
curriculum. If this type of investigation is significant for biology, 
this analysis would help to determine its use throughout the academic 
curricula and would be educationally profitable. 
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CHAPTER VII. SUMMARY 
The problem of this study was to investigate student achievement in 
Biology 101 at Iowa State University identifying discernible differences 
in high school and college group characteristics that could be detected in 
the students enrolled Fall Quarter 1969. 
The purposes of this study were to determine if there were signif­
icant differences in the means of the main effects of the six high school 
biology groups, four college groups, three college laboratory groups, two 
high school chemistry groups, two sex groups, and all first-order inter­
action groups in achievement of the students enrolled in Biology 101 Fall 
Quarter 1969 at Iowa State University. More specifically, the study was 
designed to investigate the following questions: 
Question 1: What were the previous high school biology programs 
in which each student participated? 
Question 2: What were the Drevious high school chemistry programs 
in which each student participated? 
Question 3: What were the effects of the previous programs on 
achievement of the students in Biology 101? 
Method of Procedures 
The procedures were three-fold: (1) To investigate the students' 
high school biology and chemistry programs by collecting the data with a 
questionnaire, (2) to obtain high school rank (HSR), Minnesota Scholastic 
Aptitude Test (MSAT), English Placement Test (ENG), and Mathematics Place­
ment Test (MAlTH) placement scores from the Iowa State Counseling Service, 
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and (3) to measure student achievement in terms of two different dependent 
variables using an Achievement Test designed for the course and final 
grades given the students enrolled in Biology 101. The above data were ob­
tained from three sources : (1) questionnaire and Achievement Test administ­
ered to each of the sections, (2) Iowa State Counseling Service, and (3) 
class rolls, respectively. 
The sample consisted of 857 freshmen students meeting the following 
criteria: 
1. The student must have completed and received a grade in Biology 
101 Fall Quarter 1969. 
2. The student must have completed a questionnaire designed for 
Biology 101. 
3. The student must have completed the AT designed for Biology 101. 
4. The student must have been a first quarter freshman Fall Quarter 
1969. 
5. The student must have completed a minimum of 12 hours Fall 
Quarter 1969. 
6. The student must have graduated from a high school located 
in the United States. 
An IBM 360-65 computer was used in the analyses and all tests of 
significance were made at the 0.05 and 0.01 levels. 
Analysis of covariance was used in this investigation to test the 
null hypothesis and least significant difference (LSD) was used for 
multiple comparisons between groups. 
The following were some of the major findings of this investigation: 
1. There were significant differences at the five percent level 
107 
among the means of the six high school biology groups in achievement for 
the two criterion variables, the AT and final grades for Biology 101. The 
evidence was significant the BSCS YV students did better on the AT, but 
OB students achieved better for final grades given in Biology 101. 
2. There were no significant differences among the means of the 
four college groups in achievement for the two criterion variables, the 
AT and the final grades for Biology 101. 
3. There were significant differences at the five percent level 
among the means of the three laboratory groups in the AT scores but, 
there were no significant differences among the means for the laboratory 
groups for final grades. The group which had Biology 10lA (laboratory for 
majors) achieved with greater success when measured by AT. 
4. There were highly significant differences at the one percent 
level among the means of the two high school chemistry groups in achieve­
ment for the two criterion variables, the AT and final grades for Biology 
101. The evidence indicated by both of the achievement variables that 
chemistry was a significant variable. 
5. There were no significant differences among the means of the 
two sex groups in the AT but there were highly significant differences at 
the one percent level for final grades in Biology 101. The evidence in­
dicated a distinct advantage for the males. 
6. There were significant differences for AT in the interaction 
among the means of the four college groups and the means of the two high 
school chemistry groups at the five percent level. 
7. There were significant differences for final grades in the 
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interactions among the means of the six high school biology groups and the 
three laboratory groups at the five percent level. 
8. There were significant differences for final grades in the 
interactions among the means of the two high school chemistry groups and 
the means of the two sex groups. 
In conclusion, the results of this investigation indicated that a 
relationship between high school biology programs and chemistry programs 
with student achievement in college biology does exist. Other results 
indicated relationship between college laboratory groups and students 
achievement. Sex was also a significant variable in the final grades of 
the students in Biology 101. 
Implication of this investigation is the need to improve the trans­
ition between high school and college programs (34). Consideration of 
high school preparations in placing students and in designing introductory 
courses would not only upgrade instruction in college, but would encourage 
high school teachers to improve their teaching (33). 
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Questionnaire 
PLEASE PRINT 
NAME SEX DATE OF BIR1H_ 
IDENTIFICATION NUMBER (PRINT) INSTRUCTOR 
social security 
Notice the picture of high school biology textbooks at the front of the 
auditorium. Read and answer each of the following questions. If you 
do not remember the name of the text note the color and picture on the 
text cover. 
1* Which of the biology textbooks pictured did you use when you were 
in high school? 
CHECK ONE ANSWER 
a. Blue Version BSCS, Molecules to Man, Biological Science 
]b. Green Version BSCS, High School Biology 
"c* Yellow Version, An Inquiry Into Life, Biological Science 
]d. Brown Version, Modern Biology 
"e. Some other biology book not on display 
~f« You did not take high school biology 
2. Did you take chemistry in high school? 
CHECK ONE ANSWER 
a. You did take high school chemistry, 
'b. You did not take high school chemistry. 
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Achievement Test Designed for Questionnaire Biology 101 
Important 
If you do not identify your test booklet and answer 
sheet according to the following instructions, your 
paper cannot be graded. 
Instructions; On the front of this test booklet 
a. Sign your name 
b. Print your name 
* c. Print your identification number 
On the top of your answer sheet 
a. Sign your name 
* b. Print your identification number in the box 
When you leave, place the test booklet ii)'a.box at one of the 
doors 
Identification numbers are composed of digits in this order: 
1. Section number (either 3 at 12 o'clock, or 4 at 2 o'clock) 
2. The numbers 01 through 26 which correspond to the letter 
of the alphabet which begins your last name. 
3. The last 4 digits of your social security number 
DO NOT DETACH A&SWER SHEET Signacure 
Printed Name 
I D JMumber ____________________________ 
"Principles of Biology" 
Achievement Test 
(20 questions: 4 pages) 
Directions ; Read each question carefully. Choose the best answer. Note each 
question has 5 choices. 
1. Most biologists believe that the concept of organic evolution 
a. is only a theory 
b. is a broad generalization supported by a few facts 
c. is essentially an untestable hypothesis 
d. is a rather minor theme in the drama of life 
e. is so well proved that it may be considered a fact 
2. Which of the following is not one of the major themes of life? 
a. evolution c. reproduction e. behavior 
b. traffic in energy d. disorganization 
3. In general, plant and animal cells have in common 
a. cell wall, nucleus, cytoplasm, vacuole, mitochondria 
b. cell membrane, nucleus, cytoplasm, vacuole, chloroplasts 
c. cell membrane, nucleus, cytoplasm, mitochondria 
d. cell membrane, cytoplasm, mitochondria, chloroplasts 
e. cell wall, cell membrane, nucleus, cytoplasm, mitochondria 
4. Which of the following biochemical reactions would liberate the greastest 
amount of energy? 
a. the oxidation of a molecule of sucrose to carbon dioxide and water 
b. the conversion of a molecule of ADP to ATP 
c. the respiration of a molecule of glucose to latic acid 
d. the respiration of a molecule of glucose to carbon dioxide and water 
e. the conversion of a molecule to ATP to ADP 
5. Identify the MISMATCHING: Related structure and function 
a. cellular boundary—plasma membrane 
b. cell control center~nucleus 
c. ceil assembly line—cytoplasm 
d. cell storage area—cytoplasm 
e. ATP synthesis—nucleus 
6. In which of the following ways do mitosis and meiosis differ? 
a. homologous chromosomes engage in different actions 
b. homologous chromosomes are different 
c. homologous chromosomes are occasionally present in the product colls of 
one process and are never present in the product cells of the other process 
d. a and b above e. a and c above 
Mciosis is biologically significant because 
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a. it halves the chromosome number 
b. it requires two steps 
c. it produces daughter cells 
d. most colls divide mitotically 
e. most growth occurs this way 
From his experimental work with red and white flowered pea plants, Mendel was 
able to deduce a number of conclusions. 
a. there is in each plant a pair of hereditary factors controlling flower color 
b. the two factors in each pair were derived from the plant's parents 
c. the two factors in each pair separate in the formation of germ cells 
d. the factors of red flowers and white flowers are alternative forms of the 
same factor 
e. each plant normally has one red and one white factor 
Which of the following statements does not fit with current concepts of DNA 
control of the cell? 
a. DXA is in the form of a double helix 
b. control of cellular activity is brought about by small DNA fragments passing 
out to the cytoplasm 
c. the two strands of DNA molecule are held together by specific base pairing 
d. the sequence of DNA nucleotides appears to represent a code for control of 
a given cellular function 
e. exact duplication of dna molecules is possible because of specific base 
pairing 
The genetic information is coded in the DNA by 
a. the regular alternation of deoxyribose (sugar) and phosphate molecules 
b. the sequential arrangement of the four base molecules (the A,C,T,G molecules) 
c. the order of the genes 
d. all of the above 
e. none of the above 
Ribosomes are thought to be the intracellular site of protéine systhesis. The 
specific sequence of amino acids that comprise a protein is determined by the 
genetic material (DNA) within the nucleus. The genetic control of protein 
synthesis is achieved by 
a. DNA passing from the nucleus to the cytoplasmic ribosomes and there 
directing the construction of proteins 
b. dna coding some RNA within the nucleus and this RNA (messenger RNA) 
then moving from the nucleus to the ribosomes and there serving to 
code the synthesis of proteins 
c. a transfer RNA picking up the appropriate amino acids within the 
the cytoplasm and carrying them to the mennenger RNA of the ribosome where 
the appropriate amino acid assemblage takes place 
d. a and b above 
e. b and c above 
Most plants and animals differ in siicih features as motility of the individual 
and the type of nutrition. One of the following also represents a feature 
that distinguishes plants from animals. 
a. a life cycle consisting of two different developed cellular stages 
that possess the same number of chromosomes 
b. a life cycle consisting of two different developed cellular stages that 
posses a different number of chromosomes 
c. a life cycle consisting of cellular stages that develop through the processes 
of growth, morphogenesis, and differentiation 
d. a life cycle in which recombination of the genetic material does not 
occur 
e. none of these 
The primary biological importance of sex in organisms is that it 
a. is essential for organismic reproduction 
b. is necessary for cellular reproduction 
c. causes new mutations to occur in offspring 
d. promotes genetic variability among offspring 
e. allows larger numbers of offspring to.be produced' 
Potential sources of evolutionary change include 
a. genetic recombination d. all of the above 
b. mutation e. none of the above 
c. gene hybridization 
Darwin's concepts of evolution 
a. are accepted today in their entirety 
b. have been completely refuted 
c. rejected the inheritance of acquired characteristics 
d. arc the basis of modern theories of evolution 
e. none of the above 
Plant adaptation to a land life (becoming terrestrial) made several new 
requirements necessary. Which of the following was not a new requirement? 
a. development of a means of avoiding desiccation 
b. development of a means of absorbing water and minerals from the soil 
c. development of a means of support 
d. development of a means of getting gametes together 
e. development of a means of photosynthesizing their food 
This group of organisms includes a species called Homo sapiens. 
a. mollusks c. vertebrates e. none of the above 
b, arthropods d. all of the above 
Land organisms are confronted with problems resulting from 
a. water scarcity c. temperature fluctuation 
b. lessened density of d. all of the above 
the surrounding e. none of above 
environmental substance 
19. It is fr.irly safe to say that our planet is at ;7.ost 
a. SC04 years old d. 3 billion years old 
b. 1 million years old e, 3-10 billion years old 
c. 1 billion years old 
20. Which of the following is the broadest of all biological adaptations? 
a. photosynthetic capacity 
b. ability to live anaerobically 
c. striated voluntary muscle 
d. mitosis 
e. blood containing oxygen-carrying pigment 
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Item analysis for Achievement Test 
Mean = 11.30 
Variance = 8.44 
Standard deviation = 2.91 
Average item difficulty = 0.44 
Number Cumulative Percentile 
number 
1 857 100.00 
4 856 99.9 
14 852 99.5 
36 838 97.6 
64 802 93.6 
76 738 86.0 
102 662 78.2 
117 560 65.4 
141 443 51.6 
92 302 35.2 
81 210 24.3 
41 129 15.0 
37 ' 88 10.4 
22 51 5.9 
13 29 3.3 
5 16 1.8 
7 11 1.2 
2 4 4.6 
2  2  . 2  
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Table 35. (Continued) 
Difficulty Analysis 
Item Number Number Index 
number right wrong 
1 488 359 0.42 
2 502 348 0.41 
3 592 262 0.31 
4 134 706 0.84 
5 483 371 0.43 
6 284 562 0.66 
7 634 219 0.26 
8 406 438 0.52 
9 691 163 0.19 
10 482 372 0.44 
11 338 514 0.60 
12 238 606 0.72 
13 588 267 0.31 
14 722 128 0.15 
15 760 94 0.11 
16 303 536 0.64 
17 722 132 0.15 
18 727 126 0.15 
19 438 411 0.48 
20 327 517 0.61 
124 
APPENDIX B 
125 
Table 36. Correlation matrix for total sample variables for the group 
on page 50 (N = 857) 
HSR MSAT ENG MATH GRADE AT 
HSR 1.0000 
USAT -.4456 1.0000 
ENG -.4187 .7246 I.0000 
MATH -.3883 .4778 .3183 1.0000 
GRADE -.3939 .4830 .3049 .4395 1.0000 
AT -.2221 .3496 .2691 .3261 .4351 1.0000 
Table 37. Correlation matrix for Blue version group on page 50 
(N = 94) 
HSR MSAT ENG MATH GRADE AT 
HSR 1.0000 
MSAT -.4428 1.0000 
ENG ..4118 .7474 1.0000 
MATH -.3818 .4285 .2579 1.0000 
GRADE -.4986 .4423 .2282 .3693 1.0000 
AT -.3456 ..4607 .4077 .3398 .5898 1.0000 
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Table 38. Correlation matrix for Green version group on page 50 
(N = 76) 
HSR MSAT ENG MATH GRADE AT 
HSR 1.0000 
MSAT -.3825 1,0000 
ENG -.3473 .6795 1.0000 
MATH -.4181 .5158 .4541 1.0000 
GRADE -.3973 .5299 .4181 .4491 1.0000 
AT -.0753 .3038 .1651 .1849 .3480 1.0000 
Table 39. Correlation matrix for Yellow version group on page 
50 (N = 153) 
HSR MSAT ENG MATH GRADE AT 
HSR 1.0000 
MSAT -.5409 1.0000 
ENG -.4214 .7036 1.0000 
MATH -.4694 .4696 .3216 1.0000 
GRADE -.3273 .3595 .2558 .4484 1.0000 
AT -.1493 .2070 .2453 .2415 .3753 1.0000 
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Table 40. Correlation matrix for the Brown version on page 50 
(N - 272) 
HSR MSAT , EN G MATH GRADE AT 
HSR 1.0000 
MSAT -.4631 1.0000 
ENG -.4204 .7095 1.0000 
MATH -.3296 .4819 .2925 1.0000 
GRADE -.4519 .4889 .2910 .4398 1.0000 
AT -.2757 .4006 .2629 .3873 .4327 
Table 41. Correlation matrix for other biology versions on page 50 
(N = 227) 
HSR MSAT ENG MATH GRADE AT 
HSR 1.0000 
MSAT — *4848 1.0000 
ENG -.4812 .7635 1.0000 
MATH -.4202 .5006 .3237 1.0000 
GRADE -.3787 .5139 .3620 .4806 1.0000 
AT -.2473 .3363 .2590 .3579 .4190 
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le 42. Correlation matrix for no biology group on page 50 
(N = 35) 
HSR MSAT ENG MATH GEUDE AT 
HSR 1.0000 
MSAT —.2288 1.0000 
ENG -.2297 .7434 1.0000 
MATH -.3916 .4325 .3892 1.0000 
GRADE -.2792 .6467 .2290 .3106 l.OOOO 
AT -.0777 .5620 .4481 .3186 .5671 
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Tabic 43. Biology version means for Che variables listed on page 60 
Version by number 
1 Blue version BSCS N - 94 
2 Green version BSCS N « 76 
3 Yellow version BSCS N = 153 
5 Other h.s. biology N « 227 
6 Did not take h.s. N » 35 
biology 
HSR r>iSAT ENG HATH GRADE^ AT^ 
1 23.34 50.33 51.74 19.00 2.52 11.16 
2 24.30 47.17 50.70 17.78 2.29 11.67 
3 21.57 48.75 51.05 19.50 2.46 12.00 
4 23.42 49.00 51.86 17.73 2.30 11.06 
5 24.50 46.44 50.83 17.93 2.26 11.12 
6 27.66 50.06 53.03 22.54 2.31 11.11 
^The over-all mean for final grade was 2.34. 
^The over-all mean for AT scores was 11.30. 
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Table 44. College means for the variables of group on page 60 
COLLEGE BY NUMBER 
4 Sciences and 
Humanities N = 353 
TOTAL N = 857 
HSR MSAT £NG MATH GRADE ^ AT^ 
1 28.37 44,64 47.96 18.27 2.26 11.20 
2 20.69 49.31 54.48 14.45 2.15 10.41 
3 23.80 48.48 51.24 14.96 2.00 11.72 
4 19.81 51.56 53.77 20.24 2.52 11.70 
^The over-all mean for final grade was 2.34. 
^The over-all mean for AT scores was 11.30. 
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Table 45. Laboratory means for the group variables on page 61 
1. No lab taken N = 298 
2 Biology 10lA N = 380 
3 Biology 102 N = 179 
HSR MSAT ENG MATH GRADE ^ AT^ 
1 
1 22.77 48.16 53.62 16.34 2.16 10.89 
2 23.68 48.21 50,12 19.93 2.50 11.78 
3 24.91 48.73 51.98 18.77 2.32 11.02 
^The over-all mean for final grade was 2.34. 
^The over-all mean for AT was 11.30. 
Table 46. Chemistry means for the group on page 62 
1 Took h.s. chemistry N - 736 
2 Did not take h.s. chemistry N = 121 
HSR MSAT ENG MATH GRADE* AT^ 
1 22.68 48.86 51.65 19.20 2.41 11.47 
2 29.34 44.91 49.74 13.83 1.94 10.32 
^The over-all mean for final grade was 2.34. 
^The over-all mean for AT was 11.30. 
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Table 47. Sex means for the group on page 62 
Males = 524 
Females = 333 
HSR MSAT £NG . NATII GRADE ^ AT^ 
MALE 27.41 51.68 48.74 19.54 2.35 11.40 
FEMALE 17.66 46.16 55.52 16.71 2.34 11.17 
*The over-all mean for final grade 2.34. 
b 
The over-all mean for AT scores 11.30. 
